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I. Introduction 

This paper presents a petroleum engi- 
neering approach to the evaluation of 
production practices employed in the 
Driftwood -Benezette gas field in Penn- 
sylvania, and compares the results of 
such practices with those which might 
have been accomplished had the field 
been developed and operated in the most 
efficient manner, or in accordance with 
modem petroleum conservation laws. 

The DriftwcxKl-Benezette gas field is 
important to this study only in that it 
provides a means for illustrating pro- 
duction practices generally employed in 
all Pennsylvania gas fields. Therefore, 
no attempt has been made to set forth 
details of engineering and geologic in- 
terest not closely related to production 
practices. 

Petroleum production practices in 
Pennsylvania have remained the same 
in principle since the discovery of the 
Drake well in 1859. There are no laws 
restricting petroleum production even 
though it is a well known fact that 
“wide-open” flow may cause great un- 
derground losses of oil or gas; moreover, 
there are no laws protecting landowners’ 
correlative rights — the right to enjoy the 
use of one’s property so long as this 
enjoyment does not do injury to others.’ 

There have been several proposals^ for 
petroleum conservation laws which 
would require or encourage the develop- 
ment and operation of a petroleum res- 
ervoir as a single unit rather than on 
the wasteful and costly basis of “every 
man for himself.” None has been en- 
acted, however, and it appears that 
Pennsylvania may become the leading 
oil and gas producing state where no 
such laws are in effect. It is indeed a 
mystery why no such laws have been 
enacted. One would think that Pennsyl- 
vania, the founding state of the petro- 
leum industry, would have been a 
leader in petroleum regulatory law. 
There must be some merit to petroleum 
conservation and unitization laws, for 
no state has ever repealed such a law. 
The Interstate Oil Compact Commission, 
which through engineering, research, 
and other committees functions to ad- 
vise the various states on petroleum 
regulatory measures, has recommended 
the enactment of a unitization law,^ 
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Does it not seem logical that there 
should be a minimum waste of petro- 
leum resources, and that a landowner 
should be permitted to recover his fair 
share of the oil or gas underlying his 
land, and only his fair share, without 
the drilling of unnecessary wells? 

Perhaps ma'^y Pennsylvanians are not 
acutely aware of the waste of their pe- 
troleum resources or the infringement 
on their correlative rights caused by 
maximum -rate production practices em- 
ployed m Pennsylvania, This study has 
been made in an attempt to illustrate, 
quantitatively, the effects of such prac- 
tices as they relate to natural-gas pro- 
duction. 

The Driftwood-Benezette field pro- 
vides a good example for illustrating 
natural-gas production practices in 
Pennsylvania. This field was intensely 
drilled soon after its discovery and al- 
lowed to produce at maximum rate. 
Each landowner had to get his gas to 
the surface before his neighbor drained 
it away. It is the authors’ opinion that 
this caused the drilling of about 200 
more wells than would have been nec- 
essary to produce the field efficiently, 
and that open-flow production will 
cause the underground loss of at least 
20 billion cubic feet of gas, with a net 
value of approximately $2,000,000. 

Unfortunately, accurate results can- 
not be obtained from the data available. 
Throughout this study, however, the 
authors continually strove to favor the 
use of results and assumptions which 
would not exaggerate the adverse effects 
of existing production practices, 

II. Inadequacy of Engineering Data 

It became apparent at the beginning 
of this study that the lack of petroleum 
regulatory laws has resulted in an in- 
adequacy of engineering data. 

It is impossible for engineers to make 
accurate engineering studies, upon 
which plans for future gas production, 
transportation, storage and marketing 
must be based, without complete and 
accurate engineering infoimation. Fur- 
thermore, this information must be 
readily available, at a central source, to 
all interested parties. 

In 1935 the Bureau of Mines intro- 
duced a method for computing gas-well 
capacities and for applying this infor- 
mation to production practices.* The 
basic equation® set forth in that report 



is used throughout the natural gas pro- 
ducing industry — even m Pennsylvania — 
yet the data available on Pennsylvania 
wells for use in that equation are en- 
tirely inadequate for accurate calcula- 
tions. 

Though there are no laws preventing 
operators from obtaining these data on 
their own wells, few will voluntarily close 
in a well or restrict its production while 
their neighbor drains gas from under 
their land at a maximum rate. Further, 
in order to provide maximum benefit, 
this information must be standardized 
and compiled under a well organized 
program, enforced by a central authority 
and maintained readily available at a 
central source. 

This lack of adequate information has 
obviously lead to inaccuracies in much 
of the data that have been obtained. 
Probably the greatest inaccuracies have 
been in measuring the shut-in pressures 
of the wells, the very heart of the in- 
formation used in petroleum engineering 
studies. 

Another source of difficulty to an en- 
gineer is the confidential nature of pro- 
duction information on privately owned 
wells. An accurate evaluation of a well’s 
performance requires the comparison of 
that well with other wells in the near 
vicinity, and an evaluation of the reser- 
voir as a whole may require the use of 
performance data on any well in the 
reservoir. 

Specific examples of either inadequate 
or inaccurate information encountered 
during the course of this study are list- 
ed as follows: 

1. Shut-in well pressures are often in- 
accurate. Most wells were shut in for 
less than 24 hours when their pressures 
were recorded, some for only an hour or 
less. 

2. The entire reservoir has never been 
shut in and the average pressure re- 
corded, nor are individual wells shut in 
periodically for this purpose. One accu- 
rate reservoir pressure, after sufficient 
gas had been produced to show a pres- 
sure decline, would have been sufficient 
to compute total gas reserves. As the 
situation stands, operators are merely 
guessing at gas reserves, and no one 
will ever know how much gas is lost due 
to production practices. 

3. Production information on privately 
owned land is confidential and, there- 



30 



PRODUCERS MONTHLY 



best advantage its resources of men and 
materials. 
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Wrather Retires As Director 
Of U. S. Geological Survey 

Dr. William Embry Wrather, who re- 
cently retired as Director of the Geo- 
logical Survey “has guided Survey Ac- 
tivities through 12 years of growth in 
service to the Nation during the diffi- 
cult years of war and the later period of 
adjustment to an expanding economy,” 
according to Secretary of the Interior 
Douglas McKay. Dr. Wrather was ap- 
pointed in 1943, at a time when heavy 
demands were being made on the Survey 
for emergency services to the Nation in 
the midst of a world war. 

Born in Kentucky and a graduate of 
the University of Chicago in geology and 
law. Dr. Wrather brought to the Survey 
a unique combination of administrative 
abilities gained through years of exper- 
ience in the petroleum industry. 



In 1954 he was given the 50th John 
Fritz Medal, and cited as “a geologist 
of worldwide experience and fame; an 
outstanding scientist and historian; a 
wise leader distinguished for his service 
to the Nation.” 

Under Dr. Wrather’s leadership much 
progress was made in various facets of 
the science of hydrology and in the 
accumulation of basic water facts. 

A rapidly expanding program of water 
resources investigations has been guided 
toward broad objectives in appraising 
the Nation’s water resources, developing 
a better understanding of the principles 
governing the occurrence and movements 
of water, and in determining current 
water use and water requirements. 



Important advances have been made 
in the techniques of appraising the 
water supplies of the Nation. Improve- 
ments in quantitative methods of sol- 
ving complex ground-water problems, 
and of analyzing artesian acquifers have 
resulted from continued research. 



Three hundred gallons of jet fuel are 
required to taxi a current jet bomber 
from the warm-up ramp to the end of 
a runway for take-off, usually a distance 
of about one and one-half miles. 



More than 700 varieties and grades of 
oil-based synthetic rubber have been 
produced. 



\ 



the McGregor 

Working Barrel 

(INSERT PUMP) 

PERFORATED TOP & CHECK: Provides smooth 
rod reciprocation by reducing pressure against 
the traveling valve. 

PACKER TOP; (OPTIONAL) To bridge off sand 
from settling around the tube and sticking 
pump. 



MAXIMUM BORE TUBE: (P/a" on 2' 
handling greater volume of fluid. 



Size) For 



The McGregor Barrel is designed for easy as- 
sembly and repair in the field. By changing a 
few parts, it can be converted to a plunger 
barrel, or a barrel for pumping with pipe in 
place of sucker rods. 

/ 

It is available in STEEb for ordinary pumping 
conditions; BRASS for/4orrosive conditions; and 
ALL BRONZE where severe corrosion is en- 
countered. Sizes range from 1!4" through 3'* 
tubing, in lengths of 4 to 8 feet. 



McGREGOR WORKING BARREL CO- 
MID-CONTINENT SALES 

OFFICE and WAREHOUSE 
2452 N. LEWIS ~ TULSA 



/ 



Phone: 30388 



Fig. A 



106 ELM SG 



BRAD FT? RD. PA. 



APRIL. 1956 



29 









Figure 3—Cumulative Production and Production Rate vs. Time 



fore, not available to the public or to all 
interested producing companies. 

4. No records could be found showing 
shut-in pressures for wells on more than 
one occasion after having been cut in 
to the pipeline. This infoimation is 
necessary in order to determine a well’s 
performance characteristics and be- 
havior as described in Section V, A 
and B. 

5. No one producer or regulatory body 
has all the data on all the wells in the 
reservoir. Absence of monthly production 
rates for all wells is the most important 
example of this inadequacy. Other miss- 
ing information might be as follows: 
The drilling method used, whether or 
not a well was shot, original well-head 
pressures and shut-in time, and whether 
or not a well had been abandoned. 

6. The reservoir temperature has never 
been measured. 

7. Very few reservoir sand thicknesses 
have been recorded. 



8. Well locations are not recorded in a 
standard form. 

9. Neither the porosity nor the per- 
meability of the sand has ever been 
measured. 

In view of the above, the results 
brought out in this study are not nearly 
so accurate nor significant as they 
otherwise might have been. Perhaps the 
inadequacy of this study will serve to 
indicate the necessity for such state 
statutes as will provide for the com- 
pilation of information necessary to 
conduct accurate engineering studies. 

III. History of Operations 
A. The Reservoir 

The Driftwood-Benezette gas field is 
the largest known gas field in Pennsyl- 
vania, covering about 42,000 acres in 
Elk, Cameron, and Clearfield Counties. 
Production is from the highly faulted 
Oriskany sandstone, which in this area 
is mostly “medium-grained, light gray. 



quartzose, slightly calcareous.”® The 
Oriskany is capped by the Onondaga 
limestone formation. 

Figure 1 shows the approximate area 
of the reservoir superimposed on a con- 
tour map on the Oriskany sandstone as 
constructed by Fettke.' Figure 2 shows 
locations of all wells numbered in the 
sequence in which they were completed 
or drilling operations abandoned, al- 
though numbers for dry holes have been 
omitted on the drawing. 

It should not be construed that the 
reservoir has such a jagged boundary as 
is indicated by the block areas in Fig- 
ures 1 and 2. These blocks established 
by the authors were used to compute 
the average reservoir pressure as de- 
scribed in Section IV. 

This field is located on the Driftwood 
anticline, the highest point on which is 
the Driftwood dome, located about one 
mile northeast of the town of Driftwood. 
This dome is not shown in Figure 1 
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Figure 2— Block area map, Driftwood*Benezette Gas Field 
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To MAKE MORE MONEY you have lo get a higher price for your drilling, or get more drill- 
ing from your machine and taals. The pragressive drilling contractor Is always after both— 
more money and more footage. ^ 

To get you MORE FOOTAGE, Acme spent more than a decade developing a superior alloy 
jar. How? By the same quality methods that have made the Acme Carbon Jar victorious 
over all competition. Today over 85% of the carbon jars made in America are Acme and 
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To get LONGER WEAR — much longer wear — in all formations, the Acme alloy jar has 
been perfected. Look up the word Acme in your dictionary; if comes from the Greek word, 
Akme, meaning perfection, peak of progress. Here is how we live up to our great name. 

We have installed the MOST MODERN EQUIPMENT to manufacture jars. Exclusive with 
Acme are the latest technological improvements in the physical treatment apd welding of 
jar steel. No one else offers you the benefit of such superior manufacturing facilities. Acme 
Alloy Jars — like Acme Carbon Jars — are superior because they are made by superior 
methods and machinery. 

We use SUPERIOR STEEL in Acme Alloy Jars, it is a triple strength alloy steel, grade AISI 
4340 made out of chromium, molybdenum, and nickel. It is a longer wearing alloy steel 
than the single alloy used in a competing make. Acme Alloy Jars have 1300 y© more alloy 
in them than any other make on the market. We .us^ a chrome-moly-nickel steel which is 
rich in nickel, producing a greater depth of hardness penetration than the single alJoy 
used by a competing make. LONGER WEAR is the bonus you get from the superior alloy 
steel in Acme Alloy Jars. 

We use ATOMIC AGE WELDING methods. The welding techniques of today permit use of 
alloy steels far superior to those used at the time weldless jars were first made. The atomic 
age has made the weldless method obsolete. We put one electric weld in a set of Acme Al- 
loy Jars. It is stranger than steel. The weld is X-rayed by an electro-magnetic process so 
that no bad welds can get past inspection. This one weld is in the crotch where the steel is 
soy© heavier than in the rein section. Both sections of the jars are drop forged. This method 
of making alloy jars enables Acme to use a superior alloy steel, and you get a superior alloy gp 
jar with less breakage and 
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since the dome itself proved to be out- 
side the productive boundary of the 
reservoir, as indicated by the numerous 
dry holes shown just to the northeast of 
the reservoir in Figure 2. 

The northeast or Driftwood end of 
this reservoir was discovered first. The 
discovery well was Sylvania’s S. C. Eaton 
No. 1 (Figure 2, well 1-A) completed 
September 15, 1951. Since this well was 
situated relatively low on the southwest 
plunge of the Driftwood dome, subse- 
quent tests were made high on the dome 
in and around the town of Driftwood, 
none of which proved productive ap- 
parently because of a tight sand strati- 
graphic closure at the northeast end of 
the reservoir. Development was then 
shifted down the plunge to the south- 
west. 

The Keta Oil and Gas Company’s 
Charleroi Mountain Club No. 1 (Figure 
2, well 57-S) on the Benezette dome 
opened the Benezette end of the reser- 
voir in December, 1952. Then in March, 

1953, the Benezette Valley Development 
Company brought in the William Wood- 
ring No. 1 (Figure 2, well 69-F), This 
well was extremely important in that it 
is some 300 feet lower on the flanks of 
the Benezette dome than the Charleroi 
well, indicating that the Driftwood - 
Benezette field was much larger than 
had previously been estimated.® This 
led to the furious drilling race between 
private landowners which resulted in 
the dense well pattern as shown in 
Figure 2, areas F, G and H. Presumably, 
if the areas to the south had not been 
mostly state-owned land, the entire 
field would have been drilled into a 
similar pattern. 

B. Drilling and Production Practices 

1. Drilling and Gauging 

Drilling operations reached a peak in 
August, 1953, when 22 producing wells 
were brought in. The rate then dropped 
slightly and leveled off at about fifteen 
to twenty wells per month until July, 

1954, at which time there began a rapid 
decline in the drilling rate. 

Most of the early drilling was with 
cable tools which averaged about sixty 
I feet per day. Rotary drilling was later 
used, which averaged about 180 feet 
per day; however, lost circulation and 
I completion problems were frequently 
caused by the high density (17 pounds 
per gallon) drilling mud. Completion 
problems were often overcome by drill- 
ing-in with cable tools, but a more re- 
cent practice of using air-rotary drilling 
with gas completions has been highly 
successful in eliminating both of these 
difficulties. The air-rotary has shown a 
penetration rate of about' twice that of 
the regular rotary.® 

All methods employ the practice of 
setting a seven-inch O. D, casing about 
ten feet into the Onondaga limestone, 
and then drilling a 6 -inch hole into or 
through the Oriskany sandstone. 

Open-flow capacities of wells are 
measured with pitot tubes while the gas 
is discharged to the atmosphere. Shut- 
in pressures are generally recorded after 



wells have been closed in for 24 hours, 
although the rush to cut the wells into 
the pipeline frequently permits only a 
few hours shut-in time. 

2. Production Practices 

Little can be said of production prac- 
tices except that wells are cut in to the 
pipeline as quickly as possible and per- 
mitted to flow at maximum rate. Figure 
3 shows the cumulative production and 
production rate of the field plotted 
against time. The dotted portion of the 
curves represents the predicted recovery 
and recovery rates as explained in de- 
tail in Section V, C. 

There has been no evidence of water 
drive during production from this field. 



There have been occasions of wells being 
drowned out by water, but this difficulty 
has frequently been relieved, at least 
temporarily or partially, by shutting in 
the wells for a few days. 

IV. Determination of Reserves 

An accurate determination of gas re- 
serves in a reservoir can be made only 
when accurate reservoir pressures are 
known. Since the Driftwood-Benezette 
reservoir has never been shut in in 
order to determine a reservoir pressure, 
and since pressures for individual wells 
are not periodically recorded, any meth- 
od used in computing reserves is largely 
guesswork. The original pressure was 
most probably about 4,020 pounds per 
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FIGURE 6. average WELL FLOW RATE DECLINE {a 
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square inch gage, as measured at the 
well head. Obviously, no other pressure 
would be needed to compute reserves if 
the boundaries of the reservoir, the po- 
rosity, the per cent wajber saturation, 
and the sand thickness were known. 
However, in view of the highly faulted 
structure of this reservoir, the probable 
wide variation in porosity, and the 
doubtful boundaries as estimated, the 
only practicable method for determining 
reserves is by the use of declining reser- 
voir pressures with cumulative produc- 
tion, as is shown graphically by Figure 
4, and as explained in detail later in 
this section. 

The only course for determining the 
average reservoir pressure lay in averag- 
ing pressures by areas, area pressures 
being obtainable from original pressui*es 
for new wells. It is believed that the 
boundaries of tlie reservoir are suffi- 
ciently well established so that it can be 
divided into areas as shown in Figure 2, 
and that each area has roughly the 
same average porosity and sand thick- 
ness. Though this may not be entirely 
true, the method of averaging area 
pressures in order to determine the 
over-all reservoir pressure is not overly 
demanding of an accurate reservoir area, 
and it is not necessary that the sand 
thickness or porosity be known, provided 
each area is assumed to have equal pore 
space. The reservoir area as shown is 
comprised of forty-one approximately 
equal-sized blocks of about one thousand 
acres each. 

The only difficulty lay in determining 
the average area pressures at a selected 
date or dates. The pressure recorded for 
a well drilled in the area on or near the 
selected date could not be used with any 
degree of accuracy, for often the well 
would be in such close proximity to an- 
other that its pressure would be greatly 
affected, or the pressure shown for a 
well drilled at a later date in the same 
vicinity might have been considerably 
higher. Many additional factors had to 
be considered, such as the location of 
the wells in the area, their distance 
apart, the length of shut-in time com- 
pared to flow rate, and pressures in ad- 
joining areas. 

It soon became apparent that many 



recorded well pressures were lower than 
they should have been. Most of the wells 
were shut in for less than twenty-four 
hours when their pressures were record- 
ed. This is far short of the time esti- 
mated to have been necessary for the 
pressure to stabilize in sand of such low 
permeability. It has been illustrated that 
pressures recorded after three days may 
.still be well below the stabilized pres- 
sures.^^' 

It was impossible to select any single 
date near which, during the early and 
late stages of development, wells were 



required such an extensive use of esti- 
mated area pressures that little reliabil- 
ity could be placed in the computed 
average. It was, therefore, decided to 
determine the one most accurate average 
reservoir pressure which occurred well 
along in the productive life of the reser- 
voir. Only one pressure, other than the 
original, is needed to compute reserves, 
and one good pressure is considered to 
be more accurate than a decline curve 
average of several poor ones. In order 
to determine the most accurate pressure 
each block area was considered sepa- i 
rately. Again, weighing all significant ^ 



drilled in a majority of the areas. This 




Figure 4— Pressure Decline with Cumulative Production 
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Figure 5— Pressures by Block Areas 
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factors stated above, every instance in 
which a well pressure or several well 
pressures appeared to reasonably repre- 
sent that for the block area was record- 
ed under the date shown. When such 
pressures for all areas had been record- 
ed, the widest coverage of area pressures 
fell near the date of May 31, 1954. That 
date was. therefore, selected for deter- 
mining the over-all average reservoir 
pressure. In cases where a block area 
failed to show a pressure on or near 
that date, it was possible to interpolate 
between dates on either side of May, 
1954, or to estimate the area pressure 
from those shown for surrounding areas. 
Well-head pressures thus determined are 
shown in Figure 5. The average of these 
gage pressures came to 2,490 pounds per 
square inch. 

The pressure due to the weight of the 
column of gas was computed using the 
equation 

PxZRT 144 

Pw = .5PX* 

MH 

where 

Pw = well-head pressure in pounds per 
square inch absolute. 

Px = pressure due to the weight of 
the gas column in pounds per 
square inch, 

Z = gas compressibility factor at av- 
erage temperature in the well 
bore and at well-head pressure, 

R = gas constant, 

T = average temperature of the gas 
column, 

M = molecular weight of the gas, 

H = average depth of the reservoir 
below the surface. 

If natural gas expanded upon release 
in pressure exactly in accordance with 
Boyle’s law, the pressure decline curve 
would merely be a straight line through 
the original reservoir pressure and the 
May 31, 1954 reservoir pressure plotted 
against cumulative production as of May 
31, 1954. However, since natural gas does 
not conform exactly to Boyle’s law, the 
-compressibility factor had to be con- 
sidered. Calhoun shows that reservoir 
pressure (P) divided by the compressi- 
bility factor for the gas (Z) at reservoir 
conditions will plot as a straight line 
against cumulative production.’* Com- 
pressibility factors were, therefore, com- 
puted for the two above reservoir pres- 
sures and a straight line plot made 
between the two P/Z points thus deter- 
mined. The accuracy of the cuiwe was 
checked analytically and original gas 
calculated to be 289 billion standard 
cubic feet. The reservoir pressures as 
they would be measured both in the 
reservoir and at the surface (Figure 4) 
were computed from the P/Z curves, 
using compressibility factors and values 
for the pressure due t 9 the weight of 
the gas column as are shown graphically 
in Figures 7 and 8. 

The 289 billion standard cubic feet of 
gas, as calculated to have been originally 
in the reservoir, at first appeared high, 
considering the present low production 
rate from the wells. An additional cal- 



^Derived, using gas law equations, slightly inacnirate 
as the Z is based on the welbhead pressure instead 
of the average pressure in the >\ell. 



culation was, therefore, made to deter- 
mine the porosity of the sand, using 
42.000 acres which has been estimated as 
the area of the reservoir, and an average 
sand thickness of 17 feet as estimated 
from the few well records showing this 
information. The porosity thus calcu- 
lated came to 4.18 per cent. This po- 
rosity certainly does not appear to be 
excessive, considering the nine per cent 
and 8.34 per cent porosities found, re- 
spectively, for Oriskany sand samples 
blown from wells in the Tioga*® and tlie 
Leidy gas fields,*® 

In consideration of the above, the 289 
billion cubic feet does not appear to be 
excessive. An additional similar calcu- 
lation of reserves was made, however. 



using the absolute minimum feasible 
pressures for block areas as of May 31, 
1954. This calculation showed 255 bil- 
lion standard cubic feet as the original 
gas content of the reservoir. The original 
calculation is considered to be the more 
accurate. 

V. Operations 

A. Determination of Average Well 
Productive Capacity 
The equation Q = C(Pf®-P«®) as de- 
scribed in the Bureau of Mines Mono- 
graph 7 is also applicable to groups of 
wells.®® The average well productive ca- 
pacity coefficient, C, may therefore be 
obtained by averaging the C’s computed 
for each well by dividing Q by (Pr-Pr)". 
Values for Q and for P«h are known as 
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each well is completed and an open flow 
test is made. Since the value of n was 
not known, it was necessary to average 
the production rates (Q) for wells pro- 
ducing under the same (Pf"-Ps-). Fur- 
ther, since little confidence could be 
placed in the accuracy of the lower 
pressures, it was decided to use wells 
showing well-head pressures near 3,500 
pounds per square inch. Thirty such 
wells showed an average Q of 7,300M 
cubic feet per day. The pressure due to 
the weight of the column of gas in these 
wells averaged about 500 pounds per 
square inch, bringing the Pf value to 
4,000 pounds per square inch. Since Ps 
can be neglected for these large -hole 
high-pressure wells flowing against at- 
mospheric pressure, 7,300 (Q) can be 
plotted against 16,000,000 (Pf--Ps-) on 



logarithmic paper as is shown by point 
A in Figure 6. This gives one point on 
the logarithmic plot, but does not of 
course show the slope of the line which 
can be used to determine values of Q at 
different values of (Pr-Ps-). It was de- 
cided to use an n value of one (viscous 
flow) in order to simplify calculations 
and to preclude the exaggeration of the 
adverse effects of production practices 
as is brought out in Section V, B and C. 
Using this n value of one, the coefficient 
(C) for the 30 wells came to ,456. These 
values of C and n were justified by an 
average value of C equal to .45 for 127 
wells on which the recorded data ap- 
peared to be the most accurate. The 
value of C for each individual well in 
this case was obtained by dividing the 
flow rate (Q) by (Pr-Ps“), Pf being the 
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closed-in individual well-head pressure 
plus the pressure caused by the weight i 
of the gas column, and Ps again neg- 
lected. I 

Readers might be interested in the cal- 
culation of average permeability where 
the value of C equal to .456 was substi- 
tuted in the Darcy’s law radial flow 
equation for viscous flow. Though a 
rough assumption had to be made for 
the drainage radius and though the flow 
may not be considered as radial in all 
cases, the computed permeability of 4.05 
millidarcies as compared to the esti- 
mated permeability of ten millidarcies 
tends to substantiate the assumption 
that the value of C is not excessive. Two 
samples blown from wells in the Leidy 
gas field averaged 10.9 millidarcies.-’ 

In consideration of the above, the 
curve AB in Figure 6 may be considered 
to represent the production rate that ^ 
could have been expected from the | 
average well with decreasing values of 
(Pf--Ps“) had the physical characteristics 1 
of the well and the producing formation 
remained constant, and had the wells 
been so spaced as to have the average 
foimation pressure acting on each well. 

B. Effect of Well Spacing and Production 
Practices on Production Rate 



As pointed out in the previous section, 
curve AB (Figure 6) represents the de- 
clining production rates with declining 
((P,--Ps-) values that could have been 
expected from average, undamaged, 
properly spaced wells. Curve CD (Figure 
6) represents the actual average produc- 
tion rate per well with declining average 
reservoir pressures as shown in Figure 
4. Points on curve CD were determined 
by dividing the total monthly production 
rates by the average number of produc- 
ing wells as of the date indicated and 
plotting these rates per well against the 
(Pf--Ps“), Pf being considered as the 
formation pressure shown by Figure 4 
and Ps being dependent upon the line 
pressure and is estimated as 600 pounds 
per square inch. The deficiency in pro- 
duction rate per well for any value of 
(Pf--Ps“) is represented by the horizon- 
tal distance between the two curves. 
This loss can be attributed to local pres- 
sure depletions in densely drilled areas 
and to physical damage to wells brought 
on by the rapid production rate. 

Production losses caused by water con- 
ing, well caving, etc., cannot be well 
illustrated from the data available, al- 
though it would be a simple procedure 
to shut in wells occasionally and to plot 
the Q versus the (Pt--Ps-) on logarith- 
mic paper. A line through successive 
points thus obtained would indicate 
whether or not a well is being damaged. 
A curve that bent toward the pressure 
axis would be indicative of water coning 
or other factors hindering deliverability. 
If only two points are available, and a 
line through the two points has a slope 
greater than one (more than 45 degrees 
to the pressure axis), it will, in the 
authors’ opinion, be indication of well 
damage. This procedure was attempted 
for the few state wells on which record.^ 
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could be found showing shut-in pres- 
sures sometime after their original gag- 
ing. However, curves thus obtained only 
served to prove the inadequacy and in- 
accuracy of recorded data. One curve 
showed a reverse slope, indicating lower 
flow rate with increasing formation 
pressure. 

The Bureau of Mines back-pressure 
method for analyzing the deliverability 
of gas wells is a much more thorough 
and detailed procedure than that de- 
scribed above. Far greater benefits than 
that discussed above may also be derived 
from their method, although it requires 
the restricting of a well’s flow for con- 
siderably more time than production 
practices in Pennsylvania permit. 

C. Estimated Losses in Ultimate 
Recovery 

Although it is impossible to predict 
the ultimate gas recovery from this res- 
ervoir with any degree of accuracy, it is 
fairly obvious in view of the declining 
production rate that an uneconomical 
production rate will be reached long be- 
fore 289 billion cubic feet of gas have 
been produced. 

Curve DE, Figure 6, shows a recent 
increasing rate of decline in production 
rate. This may be due to a variety of 
factors, such as 

1. Water fingering cutting off rela- 
, tively high pressure gas zones. 

2. Water coning near the well 
bore, reducing the effective sand 
thickness. 

3. Water condensation, reducing 
the effective permeability to the gas. 

4. Water accumulation in the well 
bore, 

5. Well caving. 

6. Structural conditions within the 
reservoir. 

7. The temporary shutting in of an 
increasing number of wells (since 

, the rate is based on the number of 
producing wells as drilled rather 
than the actual number in opera- 
tion). 

8. Almost total pressure deple- 
tion in densely drilled areas. 

It is the authors’ opinion, however, 
that conditions in the reservoir may soon 
stabilize and that the flow rate after 
that time will continue in a directly 
proportional relationship with (Pr-Ps^); 
at least this is the best that can be ex- 
pected. This is illustrated by the curve 
EF, Figure 6. Though there is little 
chance that this curve will hold true to 
the abandonment date, it is not un- 
reasonable to expect that it will hold 
approximately true for the next few 
years. This curve may be used in con- 
junction with the reservoir pressure 
curve (Figure 4) to provide a trial and 
error means for predicting future pro- 
duction and production rates. The dotted 
portions of the curves (Figure 3) were 
derived in this manner, considering a 
gradually decreasing value of P, to zero 
in the year 1959. By the end of the year 
1959 there should have been about 240 
billion cubic feet of gas produced from 
this reservoir. 



In consideration of curves AB and EF 
< Figure 6) and assuming a minimum 
economic flow rate (Q) of 50MCF per 
day at zero back pressure (Ps). the res- 
ervoir could be expected to be abandoned 
at an average pressure (Pi) of 632 
pounds per square inch, whereas in the 
“ideal” case the abandonment pressure 
would be 316 pounds per square inch. 
This, according to Figure 4, reflects a 
loss of about 22 billion cubic feet of gas 
due to inefficient production practices. 

Actually, it is anyone’s guess as to 
just how far into the future this reser- 
voir will produce gas at an economic 
rate. Most likely there will be numerous 
wells capable of producing gas at an 
economic rate for many years to come. 



It is highly probable, however, ’ that 
water fingering and coning has or will 
cut off relatively high pressure zones 
within the reservoir, and that a reduced 
effective permeability to gas caused by 
water coning and condensation will seri- 
ously curtail production and reduce the 
ultimate recovery. An estimated loss of 
approximately 20 billion cubic feet of 
gas is considered to be conservative. 

VI. Evaluation of Results 
A. Operational Aspects 

Although this study has developed no 
absolute proof that there will be sub- 
stantial losses in ultimate recovery of 
gas from this reservoir, it does indicate 
that such losses are very likely and pre- 
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sents definite proof that a great amount 
of manpower and materials have been 
unnecessarily expended. Curves AB and 
CD (Figure 6) show that actual pro- 
duction per well was only about 35 per 
cent of what might have been expected 
trom the properly-spaced average well, 
or that about one-third of the wells, if 
properly spaced and undamaged, should 
have given the same production rate. As 
was pointed out in Section V, A, this 
figure is based on a conservative esti- 
mate of the slope of the logarithmic 
cui've AB (Figure 6) equal to one. It is 
possible that this curve could have had 
a slope of less than one, showing an 
increasingly wide separation between 
the “ideal” and “actual” curves with de- 
creasing pressures, and therefore an in- 
creasingly poorer comparison of the 
actual well production rate with that of 
the ideal. 

The ideal number of wells can only 
be determined by an economic balance 
of a great many factors, such as recov- 
erable! gas in place, drilling costs, back 
pressure required to prevent damaging 
the well or the producing formation, 
market demands and commitments and 
others. The back pressure required can 
be determined accurately by the Bureau 
of Mines method, but even this is sub- 
ject to economic considerations. It may, 
for example, be more economical to 
permit minor damage to the well than 
to hold the back pressui’e sufficiently 
high to prevent damage entirely. Some 
states force the application of back 



pressure by restricting gas production to 
25 per cent of open flow capacity. How- 
ever, this restriction is also intended to 
prevent gas production in excess of 
market demands, and there is no reason 
known to the authors why Pennsylvania 
should restrict production to this rate if 
it can be shown that significant damage 
will not occur to wells producing at 
higher capacities. All of the above 
factors can best be weighed and applied 
through a unit operation plan, assisted 
perhaps by a well-spacing regulation. 

It is probable that no more than two 
billion cubic feet per month would have 
been the ideal production rate from the 
Driftwood-Benezette field. Gas com- 
panies taking gas from this field must 
contract for vast quantities of gas from 
the Southwest to meet commitments 
during the winter months. Furthermore, 
the nature of pipeline operations as well 
as economic factors in the producing 
Southwest demand the establishment of 
long-term contracts with little or no 
seasonal variations in gas deliveries. 
This requires the delivery of large quan- 
tities of gas to this area during the 
summer months which must be stored 
in underground reservoirs. It is there- 
fore obvious that the most economical 
rate to extract gas from this field would 
be a long-term rate necessary to aug- 
ment deliveries from the Southwest with 
a minimum of storing required. 

According to curve AB (Figure 6), two 
billion cubic feet per month could have 
been produced early in the productive 



D 

life of the field (Pf = 4,600) with 27 
wells producing at 25 per cent of open- 
flow capacity, and with 100 wells at this 
capacity five years later when the 120 
billion cubic feet produced would have 
caused the reservoir pressure to drop to 
about 2,400 pounds per square inch (Fig- 
ure 4). At 50 per cent open-flow ca- 
pacity, only half of these wells would 
be required, and 100 wells would produce 
two billion cubic feet or more per month 
until 175 billion cubic feet of gas had 
been produced. Assuming that the flow 
rate could reach a maximum at the 
lower pressures without causing signifi- 
cant damage to the wells or the forma- 
tion, 100 wells would sustain the 2 
billion cubic feet per month rate for 
almost nine years or until 210 billion 
cubic feet of gas had been produced. 
Does not this appear more efficient and 
logical than has been the actual practice 
of drilling around 300 producing wells 
to obtain the flow rate shown in Fig- 
ure 3? 

The above comparison of actual prac- 
tices with those which might have been 
employed under unit operations or under 
well spacing regulations does not show 
a comparison of ultimate recovery losses. 
It was illustrated in Section V, C that 
there should be at least 20 billion cubic 
feet of gas lost because of inefficient 
production practices. Though structural 
conditions in the reservoir might not 
permit such high ultimate recovery in 
either the actual or the ideal case, it is 
probable that unit operations or ade- 
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quate well spacing regulations would 
provide for more efficient exploration 
and thereby for a production rate close- 
ly approaching that shown by the curve 
AB (Figure 6). 

B. Economic Aspects 
1. General 

The economic aspects of production 
practices may be illustrated roughly as 
follows: 

(a) Before this reservoir is abandoned 
there will probably have been 300 pro- 
ducing wells drilled — ^200 more than is 
conservatively estimated to be the ideal 
as stated in the previous section. At 
$75,000 per well, this will amount to an 
unnecessary expenditure of $15,000,000. 

(b) It is estimated that at least 60 
billion cubic feet of gas will have been 
stored and re-extracted beyond that 
which would have been necessary at the 
two billion per month rate. At an esti- 
mated cost of five cents per thousand 
cubic feet for storing and re-extracting, 
this will amount to $3,000,000. 

(c) Twenty billion cubic feet of gas 
estimated to be lost due to open flow 
production practices, at an estimated 
net value of about ten cents per M cubic 
feet" will amount to a loss of $2,000,000. 

(d) It is estimated that about 75 
billion cubic feet of gas would have in- 
creased in value by at least two cente 
per M cubic feet had it been possible to 
produce this gas on a seasonal contract 
or at a slower rate. This will amount to 
$1,500,000. 



(e) There have been numerous rela- 
tively minor excessive expenditures, such 
as expenses for operating compressor 
stations, additional well maintenance 
costs due to open flow production prac- 
tices, excess gathering lines, etc. 

In view of the foregoing illustration, it 
is reasonable to assume that $20,000,000 
have or will be wasted by the production 
practices employed in the Driftwood- 
Benezette gas reservoir. Furthermore, a 
large portion of these losses will be 
paid by the consumer in the form of 
high gas prices or in taxes to make up 
for the losses from state-owned tracts. 

2. Private Landowners 

Much of the land overlying this reser- 
voir is privately owned small tracts of 
one acre or less. Such a landowner’s fair 
share of the gas, considering 40,000 
acres total and 280 billion cubic feet of 
gas as recoverable, is 7,000 M cubic feet. 
At one-eighth royalty this figure is fur- 
ther reduced to roughly 900 M cubic feet, 
which would amount to $247.50 at the 
current price of 21 Vz cents per M cubic 
feet. It is conservatively estimated that 
many small tract landowners have or 
will receive at least a hundred times 
this figure. Their excess profits obviously 
resulted In losses from less densely 
drilled areas, which in this field are 
mostly state -owned tracts. 

Conclusion 

It is concluded that there have been 
about 200 excess wells drilled in the 



Driftwood-Benezette field; that there 
could not possibly have been a fair and 
equitable distribution of the gas among 
the various landowners; that very prob- 
ably there have or will be large quanti- 
ties of gas left in the reservoir because 
of open-flow production practices; that 
sound engineering principles are not ob- 
served in gaging wells and in evaluating 
their performance, and that all of these 
are directly attributable to the lack of 
petroleum regulatory statutes in Penn- 
sylvania. It is further concluded that 
the general public supports a large share 
of the inequities, gas losses and excess 
expenses either in higher gas prices or 
in decreased revenue from publicly 
owned land. 

The obvious recommendation, there- 
fore, is that the citizens of Pennsylvania 
demand the enactment of state statutes 
which will prevent this waste of man- 
power, materials, and petroleum re- 
sources, and which will insure the pro- 
tection of correlative rights of land- 
owners. 

The details of the varied petroleum 
conservation measures and unitization 
statutes are beyond the scope of this 
paper. The average citizen, however, 
should not be so much concerned with 
these details as by the fact that nothing 
is being done to remedy the current in- 
efficient and unfair production practices. 
Citizens should place their faith in an 
Oil and Gas Committee appointed for 
the purpose of recommending appropri- 
ate conservation and unitization statutes 
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and for enforcing the statutes after they 
are enacted. No person need fear mo- 
nopolistic practices or the deprivation 
of his property without the due process 
of law. He is protected from these under 
federal law. 

It is additionally recommended that 
the state immediately institute a pro- 
gram to acquire, compile and correlate 
information needed for accurate engi- 
neering studies, and to make this in- 
formation readily available to all inter- 
ested parties. No information relating to 
well production should be confidential. 
The very least that should be done is 
the enactment of a law requiring that 



all gas wells be shut in for a minimum 
of 48 hours once a year and that shut- 
in pressures be recorded and reported 
to an appropriate state regulatory body. 
Open-flow capacities, or flow rates 
against stated back pressures, should be 
recorded at the time wells are shut in, 
and likewise reported. Though this in- 
formation will not suffice for accurate 
computation of the wells’ performance 
by the Bureau of Mines back-pressure 
method, it will provide for considerably 
more accurate engineering studies than 
are currently possible. This recommenda- 
tion would be superfluous if adequate 
petroleum conservation laws were en- 
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acted, for effective conservation pre- 
supposes a requirement for accurate 
knowledge of both the gas reservoir and 
the producing wells, which can only be 
gained from extensive and accui’ate 
data. 
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This pspsr prssents « pstrolsws si^laserln^ spprossh to ths 
s^sIusUon ef pr&dhictloii prsctlcss snploysd In ths rTlftwood-^tSMtstis 
i9* XlsXd In PsAosjrlysnls, and soflparss ths rMults «f such practloss with 
thoss which ai{^t bsvs hssn seoowpUshsd lud ths flsld bssn dswslt^d and 
opsralsrd In ths nost sffLeisnt aannar, or in secoriaass with aoisra 
patrolau* soosarvatiso Isms* 

lha PrirtWKKHbanssatta goM flald is important to this stuc^T otrtiy 
in that It prsviciss a naans for lllnstraUn;!; prodaotlon pmetlsss gsnarallj 
saplosrsd In all Parnayivania gaa ilalda. tharsforsf ao attanpt has baen 
nada to sat ftorth eta tails of anginasrln,^ and gaolo^o Intarsst nat cloaaly 
ralatad to prodacUoa pmetlcao* 

drataf^ aekaowladgaant la siaia ta tha an^naors and 0Bolai;,lsta 
sf tha Uaoiifastarars lij^t and >iaat C«K»pangr and tha Btav forte Stata natural 
.<as Cta^aoy far thalr oanllal reaaptlon af tlia author In his q«iast for in* 
formation wofl for thair Uaa and affort axpan.i9d la making InforaaUcn 
avallsbla} to frofsassr K* d* iotsat, liaad af tha Pstrolaua Enginaarlng 
Capartnaat, 'JnlvttrsltjT of Plttaburidt» and ?rafsasor P. f* fultae« Assaclata 
Profssaor^ ratrolaum tiiglnearing !!«psrtiaentf ftelYsrsitj of Pittsburgh# 
far tlMi oug^astlon of ths stutbf and for thalr hslpful ewsosr.ta and 
r e ao Mss n datlons | and to the ( 7 * S* Tiaval Postgradoata School^ k>nt«rs3r# 
California, for thslr spansorahip of tha patrolatMi logistloa currioulua st 
tha UnLwsrsity of Pittsburg through i^ah tha satbor was provldsd irith 
iha bule appartunlty for prsparlng this papar* 
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1. INTHOOXnc* 



pro-iuetion pr»cti«M in f«:uMyl\'aid« rM*la«d th« 
omm in prlneipla «inc« ik« di«eo7«ry of t^« OrolM «oU in 185?« Xter* 

•lt* no X«M> rMitrlctia* potrolouM proiaction own though it is s soil 
icnown fa«t tlint "widr-opsn” fi«» mj csuM grsst unior^muad losses of oil 
or KSS| oorsovsrf there are ao Xses protecting landowners* eorroletlws 
rljthta the rl^ht to enjoy the use of one*s property so long as this en» 
joyaant aees not do injury to others.^ 

2 

Ihsre have boon severel proposals Xor petrolsua coassrvstlon lews 
which woulrd require or wieourage the devel^;>«Mnt end opcratioa of a petroloue 
reeenroir sc a single unit rather thca on tho wasteful sad costly basic of 
**CTox 7 ean for hiecclf." f^es* bes Veen onaoted^ hewewery cad it appears 
that fenncylvania nay beeooe the leading oil mxd gac produoinj; ctate where 
no cash lews ore in sffeot* It is indeed a nysteiy wtgr no such laws have 
been «iaated» One would think that Psncsylvania^ ths founding state of 
the potroleuM Initiettyy would bare boon a losdor in potroleue rsculatory 
lew* msi be tone norlt to potrolewn eoncenration and unltitation 

laee» for no etate hae ever rspeale<d eueh a law, the ?nteretate Oil 
Compact CocMdssloai whlolti throng ongineeringf research) and othor co^ 
aitteM funoticne to adviee the varlo'us ctates on petroleus regulatosy 
eeasureC) hee reeoontenied the enaetenmt of e urdtlsation law.^ ‘oes it 
aet sees legioal that there should be a sdnlnan waste of petroleuw re> 
sources ) mi that a landowner ehould be persittod to recover Vie fair sh«as 
of the oil or gas unisrlyiag his land) and only his fair aharS) without 
the drilling of unnecessary welle? 

vefereneet are listed in the bibliography. 
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I'erhap* sangr Ponn0ylr«nl«rui *rs not Mutalj amire of tho iNuito of 
thoir potrolow roooteroes or tho infzincoBont on thoir corrolatioo ri^to 
cottOCN) b/ production proctieoo onpl^rod In Nnonylvonio* 

This study hss boon nodo In on ottonpt to HbtsirotiOy quontltotlsnlx, tho 
offtott of such proetioos ao they rolsto to nfttaral<-;2ao production. 

Hm drlftnood-SonooottNi field provide* * coed •xonqilo for llius'* 
tr*tlA$ noturol-^a* produetlon prooUooo in Penn*ylvanl«* IM* floX! nos 
intonsol/ drilled soon nftor its discovery snd slXoiiod to produso st 
iModotMi rate. Sash londosrtor hsd to ^ ^ snrfneo bsfox'o his 

rwi^rhbor droined it ssfoy. It is ths author’s epiaiva that this caused the 
drlliinii; sf about tOO aoro mtUs than vooXd has* bsen necessary to produce 
tho field sffleiently, a»i that opOft-*fiae produetlon vd.ll oauso tho undez~ 
jTound leee of at leest 20 billion eubie feat of ^as» with a net vaXoe of 
approxlnately #2fOOOfOCX)* 

unfortunatoly, ao curate roeulte ca?>not bo obtained froa the data 
arellahle. Ihrenj^iotit thie etedys hes^Ter, the author continually strove 
to favor the nee of reeulte end aesaeptiene wbiab woali net enaj;gerate the 
ftiTtree effect* of exlsUng piroiaotlon prastieee* 



II • IKAtCQUAC? OF miKEF-Hlfn DkTK 



It b*e«M «{^r«nt »t the beglNnin^ «f this etudar that the leelt 
of petx\>le«M rttgttlete 27 leire hee reeulied in an Inaiequaey of enKlnearlnts 

data* 

It ia iapeaeihle for an^naore te aake oeeurate cnslneeriiig atudlee, 
open irihlah plane for future ^ae produeUosi> traiMportatlon, atora^ and 
aatiteUQii anaat be baeedf witihotit cse^Xeta and accurate englneerins infor* 
■atioo. FUrthereore» thla infora»tien auat be readily available^ at a 
esntral aouree* to all intaraated |>artiea« 

In 1935 the ^roM of idnee Introdueed a nathod for eoaputln^ 
g aa e e ll eapaeitlae and for applying thle infar»atlen to production 
praeUeea*^ lha baeic a<iuatlon^ aat forth in that zepert ia used throj£h- 
out the neural c** predueing industry*— aeon la fannsylvania— yet the 
data arailiA^le on Pemuiylvaaia eellt for use la that equation are entirely 
inadequate for accurate calculations* 

7noui;h there are no lawc praventin^ operators free obtaining these 
dsta an their cm ineUSf tvw will voluntarily eloee In s sell or raetri.ot 
praiuetlon ehlla their neighbor draiae gee froe under their land at 
a aaxiauBB rate* Further, in order to provlda aeiriBee benefit, thle in* 
fcreatim sest be standardised and eoaplled under a sell org«tised prograa, 
enforced by a central authority and eaintained readily availubla at a 
cMtral source* 

This laisk of adequate inforeation baa obviously lead to ineeeura-- 
cies in each of the data that have been ebtadned. Probably the greatest 
inaecur'seies have been in Maaurlog the shut*4.n preasuree of the sells, 
the very heart of the infonaation used in petrolewi engineering studies* 
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AnoUMr aourc* of ilfflculty to an onjinaor la tha eonfldontlaX 
nata:'« of production Infonaation on privataljr o«med walla* An acourata 
avalttMtlon of a wall*a parforoanea ra<|airaa tiM eotsparlson of that wall 
with athar walla in tha near vicdnlty, a»l an ayaluatlon of tha raatrrolr 
aa a whola «a/ rat^oira tlva osa of parfonaanoa data an anjr wail In tha 
twaarvolr* 

Spaelfie axaaplaa of alther inadaquata or inaccurata Infontatlon 
anoauntarad during tha coaraa of thia ahidy ara iiatad aa follaws: 

1* Shut-in wall praasuraa ara oftan inaaourata. oat walla wara 
shut in for lasa thaji 2k hcuiw whan their prcaatiros wara racordad, aowa 
for only an hour or laaa* 

2* lha antira reaanroir hat navwr baen shut in and tha avaraga 
praasura raoordad^ nor ara individual walla ahut in porlodlcally for thia 
purpooa. Qrm aacurata rwsenroir praasura^ aftar ruffleiant ^aa had baan 
produiMd to ahow a prwaaura doolina» would have baan euffieiant to eoaputa 
total gaa raaaarvaa* Aa tha aitaatltm atanda, oparatom are atraly gvMiaa- 
ini at i^as raaorvoa, and no ona will avor know how nuah ^aa la loat daa 
to production praeticaa* 

3. Production Infoxwation on privataly omiad land ia confldantlel 
aai, thoraforo> not available to the pablio or to all intarsatad pro-iuelng 

c<wpani«a. 

h* Ko racorda oould ba £o^xml aho«dn^ ahut-in ptwasurcs for walls 
on ea.'O tium ona accaaloa aftar hawing baen cut in to the plpallna* thia 
Inforaatian ia nacaatary ia ordar to dataradna a wall 'a perforwanaa 
cbaractariatioa and bahavior aa doserlbad in Section V, A and B. 

5. Bo ona producar or ra^olatoxy bod^ hot all tha deta an all tho 
walla in tha retarvoir. Abaanea of aonthly pi-oduction rataa for all wells 
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it Uit aott Itiptrttoit exatpit of thlt io&itquftO?. Othor nlailaj Infomt- 
tloB adjhi bt M foiXomit Iht drlllliv:; ntttiod «ttd, «twth«r or not a 
woU wat ahotf ori^intX proosurot and i^njit«in %im, *nd whothor 

or not 0 WO 11 hod b4«n abtndonbd* 

6* iho rooorvolr tonporaturo htt novor been oeaaarod. 

7« Vmry few reoonroir ttnd ttdckneetoo htwt been recorded, 
d. tell loeatloot ore not reeerded In o at«ad«rd fora. 

9» Hei tiler the poroellQr nor the peneeebiUtsr of the eand hare 
ever been Matured. 

In view of the albortg the roaulte brought out In thia atudy art 
not neorljr ao accurate nor ai^ptiifleent oa they otjierwlae aleht have been, 
/eidiape the inoie<biacy of thle atodj will aerve to Indioate the neoecaity 
for auoh a tote a to tu toe ee will provide for the coepiletion of Inforaotlon 
neeeoaary to conduct oecurate en^ilneerin^^ etudiea. 
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in. KisTvjRi or onunam 

A« Ttm XtMnrdLr 

^ {)rlfliroodh£«iKiMtt« fL«ld is tk* XartMt kitovn gM Xl«ld 
In Fetsnt/Xwftiaf eov«rlii|; about ii2«000 *er«a in Clk» CMmixm, and 
Cltarliald aountlaa. Production it fron tko hlghljr ftn^ltod OriakanT’ 
aandatonOf «bi(d} in Uda amn la naaUor ”n»diu«- 2 r«inadi| iif^t grtjg 
%u«rt» 08 a« alightljr aaleartoua*"^ Tko Oriakany ia eappad bjr tha Chnondaga 
iinastoaa faxmtlan* 

Yigura X ahona tha aj^rMtlaatn axon of tba roaarrcir aaparliipoaad 
on n aantour nap an tha Orlakarqr aandstona aa conatrjetad kgr Fkttiw* 
ri£ura 2 ahaaa locationa of all valXa nanbarad in tha aaquaoea in ’iidak 
Uiagr vara aoi^^Xatad or driXU.o$ oparatloaa abandonad, althouih nuaibars far 
dzy holaa bava boon oiittad on tha draatiag* fartlnant infaznatloo an aaoh 
produaiac; «alX ia aboan In AppmdUx I« 

It abaoXd not ba conatruad that tha naarrolr haa auah a iaj^iad 
bowMtazy aa ia indlaatad by tha block araaa in PL^raa X and 2* Tkaaa 
bXoaka aatabXiahad by tha author nara ua«d to ooc^juta tha avaroia raaar* 
ralr praaaura aa daaerlbad in 5aoUon IY« 

Ihia fLaXd la ioaatad on tha Driftwood aatlclinay tha higbaat 
point an nhl#) la tha Driftwood dona^ Ioaatad about ont nlXa northaaat of 
tha town af Driftwood* Ihlw dona la not ahown ia nguxm X alaoa tha dona 
itaaXf pravad to ha oataida tha produeUaa bounce of tha roBarvoirf aa 
Indieatad by tha iMnaraua dry haXoa i^own juat to tha northaaat of tha 
raaanroir ia Tlgura 2* 

Iha northaaat or Driftwood and of this raaanroir woe dlaeorarad 
flrwt* lha dlaeovaor wall «aa Sylrania'a S* C. Eaton Ho* X (Tlguri 2 , 



6 



7 



mil I'-A) ooi^l«%*d 3#pia« to» r 15f 1951« Bittern tbit ««li m» situattd 
rol»ili«ly Iw OR Mio o«utkM«t plRago of Drlftvool doMy tabooquoai 
totto ««r« Muki high OR tho doM in uoA atroond th* t««m of t)rlf%Roody 
MRo of Rhloh py«¥(Ml produoUvo n^atonUy hOMoso of « tight Mad •tro.ti« 
Si'opbi* cloOMro At tho northoMt Rod of tho MMrrolr* ^volopMOt imm 
thon ohlfted down tho ploogo to tho oouthwoot* 

TtM Koto Gil ob4 Q»m Ccmp»tiy*» diorloroi Sotmtoln Cloh Xo« 1 
(Ugoro Zp RoU 57fS) oa tho Qoaooetto deoo opoaod tho Bonoaotto owl of 
tho rooon^lr in t^ocoohory 1952* Ihon in Moreh^ 1953* tho Bonoootto VoUor 
rooolopoont Coopor^ brcMM^t in tho Viliiao Voodrlni; Ko» 1« (ngaro 2f 
«oll 69-F) this mil was ojctroooly iiportOAt in that It it oomo 300 fast 
iooor OR tho flonks of tho Boooootto dcao thon tho Chorlorol woU, Indioot- 
ing that tho Dirlftwood^Bonosotto Hold woo tauoh lorgor thon hod prorioaoly 

«o 

boot ootlootod*'^ This lod to tho farioa# drlHlng root botwooo pxlooto 
ItndooRors ofeioh roooltod In tlM donoo soil pottom to ^ooo la H^to 2 , 
trots f, 3 and 9» Prosootblyy if ths ssom to tho soath had not boon 
Rottlj otato-osnod land, Um osttna liald vosld bava boon dzlllod into o 
oioilar pattom. ^ 
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la DiHURiS And Proi^eUoo PrMtlMc 

1. &riUiA4 wvl lA^lag 

DriXIla^ 9p«raticm rpAshtd a pA«k in Augnstf 1953 22 prcKiuo- 

lug wtlla Wirt iMrexi^t in* 1%« ratt than dropped tllghtXjr and levtied off 
at aboat nftt«A to twmtr wiUt per month until July, 195k » at W»iah tine 
tbsre )w£an a rapid decline In the drillini; rate. Appendix I? ehowa a de- 
tailed breakdown of the wtlle ty wmtiui* 

Moat af tba aurlj drlUlag was idth oat^ tc?ols which aeeraftd 
a¥out i^kxtir fiat par day* ftotarjr drlUing »ae later ueed^ whleh avtraftd 
abwit 180 feet per dayi haiwver« leet eireula^(m and eoe^letion probleae 
were freq«a«tly emund by the high Penalty (17 per gallon) driU- 

ing md« Coq>letloa prob3Lt«B wire often overeoM by drlllinf-in with 
cable tods, bit a laora r»o#nt practlaa if aelRg adr-rotixy drillii^ with 
gae GQCipletiona hae been highly socowaafUl in ellalnatlMig both of these 
difliealtlei* The eli^retazy baa shorn a penetratim rate of about twiea 
that ef the regular retaiy*' 

All Mtheds aepley tlw practise of aettlag a aewan-lnah 0* f* 
easing about ten fiet into the Oiundaga liaoeteae, and then driUlag a 6 
l/S hole Into or throui:^ the oritk*^ aanrtetone* 

0|wi>*flow capaeltlee ef wells are awaeured with pitot tebaa 
while the gas Is diaeharged to the ataoaphare* Shut^ preeaoree are 
generally reeordtd after wells have been closed In fer 2k houtw, although 
the ru^ to oattho woUo into the plpolino frecpjontly pemito only e fow 
hoore ehut-in tino* 

2. Pxxtduotion Practioee 

llttlo can bo aaid of prodaotion praotieoa OKoopt that wells aro 
cut In to the pipe line as ^alckly ee possible and pendttod to flow at 
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rtktm* 3 cheif* ih« MMwUL&tiv* {^rsductlon Md prod«ietlon 

rat* a£ tb* flald pl«iA*d a^alMt tlw»« 1h* c)oit«d portion of th* eanroa 
mpraaant* tb« pradietad recovety aad raeoviiy rataa aa axplalnad In da- 
tail in SaeUtm 7g C* Aetual prodaetlao iltj^uraa ara ab a an In Appandix HI, 
Ihart haa baan na avldanaa of aatar driva doriais prodbKitlan frea 
tHla flaXd. Thara hart baM aecaaiona of aaXIa balnfi; droanad out by aatari 
but itda dlfflaulty baa fraquantly boan zaXlavad^ at laaat toaporarily or 
partially I, by ahatUag In iha lailla for a tarn daya* 



IT. rsTsmuiGOi or szSEana 



JU) dAttraii^tloQ 9t r»MrrM in « MMnrolr t«n b« 

Md» ofU .7 vhan «eeu 2 «t« reMrroir ^rcinunM kn««n* 6ina« tbn Drlftarood^ 
6«nM«tt« zHMerrolr tuui aemr hmn i^ui in, in trd«r io dlnt4rtBlnn a rMMr- 
Toir psnanrftf an4 alaon pmsauzne for Indlvlckal valla «r« net perlodl* 
•nllj rMordtdy mny netltad uead in «oMs>utlnj re««r?v« is XsraeXj jvMavork. 
the original reservoir f ressars vita aoet probably about k030 pounds per 
squaro lash gSfs> as asasursd at the veil kaad» ObvLousl/f »o other 
pnosure would be needed te eoe^te rseerrts if the beuadariee of tine 
reeervolr^ the porosity^ the per eeet vater eat.iratloQ» and the eend thiolr* 
neee vere knovn. However^ in view ef the highly fbalted siruoturQ ef tt^e 
reeervelr> the probable vido variation in porvalty, and the dcubtibl 
boondarlee ae eatlaated^ the only preetieeble mtiiod far detendslnff re* 
aenres is bgr the uee of deelinlad teeervolr preMurve with eeatilative 
pradaetloitf ae is ehoen gn^dcally bgr Figure kj and aa explained in de* 
tail later in thie eeetion* 

1%e only oouree for detaraininii; the everags mservoir presetire lay 
la aversiing preesures by arsae» area preaeuree being c^talnable fren 
original preesuzes for nev eelle ae them In Appendix I* It le believed 
that the boundariee of the roeereelr are euffieiently veil eetebliehed ee 

V 

that it ean be divided into erees ae ehovn in Flfsre 2p and that aach area 
hae roagbly the aaew average poroeitgr end eend ^cknete. Though thle mmf 
not be entirely iruef the aethod of averaging area presearee in order te 
detanDiae the over-all reservoir presoars is not overly deaendliig of an 
aecnrato reservoir area, and it ia not naoessazy tliat tha eand thlekneee 
or po 2 *oaity be loie«n» prevlded eeo )2 area la eesiaeed to have equal pore 
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^ nmxroir ar»« «• wicm is e«sprlM4 •! fongr-sM afproxl- 
•sulgr blMi» of atooat omi tbossand mjf** Msh* 

Am oaly 41f£L«MlV Is dstsndiiiim tbs STsrsgs arts prsssurts 
St s ssisotsd dsts sr dstss* 71 m piwisars t«sonisd fsr s ssU. SriJULsd in 
tks srss on sr nssr tbs sslssts<i dsts sosXd not bs ussd idth angr 
sr ssssr«qr» tor oftoo tbs «slX nswld bs is sasli slsss proxisltir is snotbsr 
tbsi its prssssro «o«lU bs ^rostljr sffSoisd^ or tbs pxsssvrs shosn for s 
•sll dilllSK) St s Istsr 4sbs in tbs sons visinitgr sighi hsrs bssn osn* 
•Idsrsblr bij^r* Ksnr sddltioiisi fsotort bsd to bs scnsiitoTSd, sucb ss 
lbs losstlon sf tbs ssils in tbs srssy thslr distsnos s|Mrt« tbs isngib of 
sh«t'4a tins osnpsrsd to flos vntSf sad prts«xrss in adjoining srtss* 

It soon bsssns iH^srsst tbst asor rsssrcSsd nsil prtssarBS ssrs 
lossr than tbsr sbosld bass bssn* Most of tbs sslis wsrs shst In for Isss 
tbsn iMsaty-foor hoars shsa tbsir prsssanMi ssrs rssordsd* This is fsr 
short sf tbs Uss ssUnsWd to hsrt bssn nsoosssry tor tbs prsssars ts 
stsbiliss In sand of Xss psrsssblXitir* It has bssn IXlastrstsd that 
prsssorss rssordsd sftsr tbras dsjrs nsr stULX bs «sXX bsIo« tbs stsbllltsd 
pyssauros.^ 

It srss iaipoasiblo to sslsst an/ singls dats nssr vhlsh, during 
tbs sarly- and lats stsgss of dsssXsp«Bnt;| nsUs ssrs driUsd in s najorltjr 
of tbs arsas* Ibis rsqoirsd susb an sxtsoairs «as sf sotlnatsd srss 
prsssurss tbst littis fslisbilitr scoXd bs pXsssd in tbs so<rg>tttsd avsrsfs* 
It vssf tbsrsforsi dssldsd to dsisnalfis tbs ons asst sceursts avarsfs 
rs ss rt o ir prassata ahish sscurrod «sU sXang in tbs prodaaUvs lift sf tbs 
rsssrroir* Oolj ons prsssuiay stbsr Uxsn tbs orlglnsif is nssdsd to eon- 
puts rosortssa s.*v! ons good prassurs is oonsldsrad to bs asrs soeurats 
than a dsslina carvs aaarai^ af ssvsral poor onsa* In order to dstszwins 
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th« Boat McuvMf praasur* a«toh block area vcc oonaldcicd sopcratcly* 

AjClai «ci£|viiij ell clialflcant fcctorc cteted aborts avazy Inetcaec In 
vfhlch c iPeXX prwumr* ox* cavareX acll praaaurac eppaarad to nacenably 
rapracant that for the hloek area naa racordad unlar the data aboan* 

Vban such praacoraa for aH araaa had haaa raeordad^ tha aidaat eovaraft 
of araa praasuraa fall oaar tha data of Slay 31» 19^. That data twa^ 
tharafortf aalaatad for datanKLnliic; tint OTcr»all avazmga zvearvolr praaa««'t* 
In oaota ittara a bleak araa failad to ahow a prasaura an or naar that data« 
It «aa paaaibla to Interpolate between dataa on either aide of Vay, 1952i 
or ta aatinata the araa praaaura fro« thaaa ahoan for aurmuidin 2 araaa. 
taU-haad praaauroa Uroa datarsined are ahenin In Figure 5* The avanMga 
of thaaa gaga praeauraa oaaa to pouada per aquara Ineh. 

tha praaraia due to tha aalght of tha ^Itinn of gaa ima ooMputad 
aa ahown In Appazadix IX « uaing tha aquation 

h, . - .SPx ‘ 

m 

ahan Pw s aall bead praaaura la pounda par aquara inch abaoluta, 

I 

: praaaura daa to the weight of tha gat ooluan in poands par 
■quart laah» 

2 5 gaa aoapraaalbilitgr factor at aaaraga taaparatora in tha 
wall bora and at well head pressttra, 

1 s £•• eonataet^ 

T s awaraga tasqwiratura of tha aolann^ 

X > aelacular weij^t of tha gaa^ 

B B avaraga depth of the reaanralr balov tha aurfaoa. 

*Carivad« aalng gaa law aqu«tlona» aUgktly inaccurate aa tha t la baaad 
on tha wall head proaeura Inataad of tha avaraj;^ praaaura In tha wall* 
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Xf atitur*! sM «Kp«ndMI upon roleaM in prttsore tMetly lo «»- 
ooiMano* B«xla'a I«w» pr«n«ar» dnellM c«rvn voold norBljr ba a 
•trai^ Um threngh th« original r o a a r v o i l r pnaau 3 « and tha 31» 
iy$k x^anrolr praasrara plattad againat caaulatl'vn pTly^let<ion at of tHaj 31» 
lt^« W awa w r^ aliiaa natural gaai doaa not eonfon axaotlj to 8o7la'a laa» 
aeaf ma allriLlity factor had ter ba eonaitlerad* Calhaon abowa that 
raaarvelr praaaara (P) dlvldod by tha easq>raaalbilit]r factor for tha gas 
(2) at raaax'Tc^r ooatltiona will (4ot aa a atmaigbt Una agalnat aoaula- 
tiva produetian,^ CaMpraaalbllity faetora aara, tharafora^ aaapatad for 
tha tao bbova raaarrolr praaaoraa aa shofan in Appandlx II and a atraii^t 
liaa plot nada be t aa an tho tmo f/Z polnta Ihua datax«dnad« Iba aoeuraay 
of tha emrra aaa aha«]»id analytlaallyf alao aa ahoaci In Apsiandlx XI* tha 
raaat'Tolr praaauraa aa thay would faa aaaaarad bath in tha raaarvolr and at 
Uia aurfaaa (nL|;ura U) wara aoapatod from tha f/Z earvaf oalng acapraati* 
hility faotora and waluaa for tha praaaura dua ta tha wai#t af Vhm gat 
aolaan aa ara ahown sraphieally In Pigaraa 7 and 8^ Appandix II* 

tha 239 billion atondard aablc faat of gam, aa aalaolatad to bava 
boan originally in tha reaarvoir^ at flrat appaarod hlgh^ aonaidarii^ tha 
praaant low prodnetlan rata ftxni tha aalla* An additianal ealealatlQn w*a, 
therafora> »ada to daterwina tha poroaity of tha eaod» uaing 2i2«000 amr— 
ahich haa bean aatiaatad aa tha area of tha reaarvtdLr^ and an araraga aand 
thioknaaa of 17 foot aa aatiaatad froa tha fnr wall raearda ahoving thla 
lofomaUon* Tba poroalty thua oalenlatad« aa trt^own In Appandix II eaaa 
to i)*lB par eant* Uda poroetty oartalnly doaa not appear to ba axeaaaiva^ 
aanaidarie^ tha nina par aant and 8«3U par oant paroettiaa found, 

roapactlraly, for Ozlakany aand aa^laa blown froa walla In tha Tiaga^ 
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and tha Laidy get ilalda* 



1 







I 



I'-'* 

' I* 

r 






19 



la oowlcterdtion oX tto *bev«f tbt 299 billion otibl« f*«t doM not 
oppoor to bo oxooooivo* in o^tiitlonoi olnllor ooloulatloa of roaorvM «os 
Mdo> hooovory uoin^ tho obooluto olrilwm fooolblo proasoros for blook 
oiwMi 00 of Uajr 31* X95k* Ado coloalotion ohcMrod 255 billion 8tandon!l 
cabio foot *• tteo origiool g&o canton 1 of tbo Foooinroir* Tbo original cal- 
culation lo c;>noi«iox«4 to bo tbo aM«o aooamto* 



T, OfESJLTlOijS 



A. :^t«r3lnatio« of Araimjs W«H PrixJaetl'r* Capacity 



1 . 



sarccu of doM !k|actlott 



lit 

Tte Burctu of dJM hM x«pcrt«d 



thati 



"for norwl g«ji veil* there la a aatMlatent 
ralailonahl? balveea rate# ef delivery of gae 
and cerr9*pcH3dlnc preaaurea viMwi the preaaarea 
la Uta aaad are aaad m tiei baala for 
Intaxprotatlozu Saaolta of taaty thrvu^KMl the 
Uiiitad $tatea ahow that vhan the rataa of dalivety 
are platted on lo*arlttelc paper ajH^oat - 

the reapaetlve ^fforaeaaa of the aquaiea of the 
forvation prsasura, and the praaaure at the aand 
faatt f • ** the ralatlonahlp la repreMmtad ty a 
atralght llna« ladoh aagr ba as^rasaed naUeeatioally 
by iha forsula 



Q a 

v4tare Q x rata of flaw* M cable fact par 2U houre, 

C X aoafflciaat* 

P^v^shet-ln” foraatloQ pracaaze* pavi»3a par aqiuaro 
Ineh abaoluta* 

R V at 9 }o»ant* corraapoadlns to the alepa af the 
Btral^t Una xelatlonahlp batwean Q and 
(pf2»P«2) pXottai on la^arlthale paper, • 

It is farthar pointed aut i» that repert^ that the valea of n, or 

the alepa of the lo^arLtbcLe plat* voold xenalR oonatant If no phyvleal 

^anjaa ooeurred in tha eall bora or in the produalas foravttla* vhiah 

affected the projeeUva capaaity of tha veil* 

Thla Bureau af tiinaa report raaoaaa«la the above ralatlonaliip aa a 

aaaaa far analyaln^ tha dtllverablllty of ^;aa voile* The proaadura la* 

volvea* aoaentially* tha perlodla ahattlo^ la of tha vail to datamlaa tha 

fomation preasura and than parvittin^ tha vail to flow at dearaaa* 

iR^ baek proasuzva (fg) during iddieh Use tha rata af flav (Q) la aeaaurad 
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Hr Mitl) h$ck pr»Mur«, Xo 9 ftrlti’a&« plot tfa»ei4.b«d abev* 9 m tic- 
ira^olAUd %9 <toUi!«Lit» tM op«Q thm 9t th« wall %Aitma% tiM 

DMaMitjr af tanHae ^ aall ia tha atsoapiMia aiai tlMnfcr waatlne •** 
cftd probably ilaatfintf tbo aall*^ Niiao fUm ratat aa <iatax«lni4 at 
parladio intarvala fall to fall aa ate oomi atraij^tr-llna laiiarithaLa plot« 
it la iadlaatiaa of ahaacoa oaoaniim ia tte aall ar tha ptxxittalai fonaa* 
UoHf rMh aa aatar aaolact avatar aoteanaattocif aall aavloi^ ato* Uda 
prooadara alao providaa a amtem Hr pradictiag flaa rataa at varloua baak 
praaauraa «rid fonaatlaii praaauraa^ aad for analyain^ tha affacta ef aeaaaraa 
tateft to inoraaaa a aall*a produetiaa capaatty* 

A Oaraau ef Mlaaa raport^^ aoaa rIm yaara latar aaniad eai Irh* 
taxaaUai; liiaaaaaloa af tha aaloa of n aa ralatad to a aiallar axpammt 
ia an aqaatleti^ for laotterael floir darl'vad mud aatifirBad aitpaxiaiMitally 
by vaakai and iaiaat, teava tte latter had oho>aa» la affa«% ttet tea ralaa 
of n In tea atjuation Q m ivottld range ftea 0*5 for tfhoUy 

taxbolant flaw to 1*0 for akally viacana flaw. Tha iaraaa of MiMa rapaxi^ 
atatad teat it bad teao a te w n asyannmtally teat tha ralua af n rax^pHl 
froa to 1*2 and teat ttera «m no aiiMfleaat baading of tea laga* 

A 4 

ritteia plat ta«ard tea fraaaaia a«ia far Inaroaaad valuea of (^f *^9 ) 
and Q, aa night bant baan axpaotad. 

It ia ^gnlUeaat to nata» teacwar^ teat tea teaaod iaraaa af 

ttioaa roport was baaad largaly an raanlta of taata aat farte in tea flrat 

19 

zapart and teat bote flald aad axporinontal raaalta vara abtainad fnm 
bifLly paxanabla oaiate throagh atiab ^an vaa flantag uodar ralatLvaly law 
proaajraa. It ia i^irtbar aignifteant to note ttet nafgr laboratanr taate 
did abwv lognriteale plota ttet bant alijtetdy tawnrd tte praaaure aida 
wlte Inaraaoii^ valnea of 9 and and that ttera appaara ta te 
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no eonflimtlon io la^oor&toxf t««t« for vmliso* of h imotor than ono* Cm 
tdjlhtf theriforty aun^M that poaalblor thora ooold bo a aiitnlfiaattt band- 
ing of tba lagarlthaia ourva toaard tba praaatira axia alth graatl/ In- 
araaaiiic vaXaaa af Md Q and that paaalbly tha tom caaaa dnring 

flald tMta ahara tha valua of n aaaaodad om raaaltod from phjraioal 
ohangaa aaeurrla^ in tha Mil bara or fraa Inaaeuraia data« It ia tha 
Mithor'a ofAnl&n that vaiaaa of n graatar than om ahauld ba aeaaptad alth 
raaoraaUaaa* if at all. 

2. Application af tha Boraaa of iHnaa Elation 

tba aquation Q m aa prerioualy daaaribod ia alaa appli- 

oabla ta g r a aj ia af Mlla«^ Iba avaraga wall prodnativa aapaeity caaffl- 
aiaot Cf «ar tharafara ba bbtaitiad by aaaragliig tha C*a c<M^xitad for aaah 
wall bf dividing Q by falaaa for Q and for aa aaaaarad at 

tha wall haad ara bhaan in Appandlx I* Slnoa tha Mina of n «aa not kncwtn^ 
it waa naoaaaaxy to aaara^ tha preduetioii mtea (Q) far walla prodaeiog 
vwiar tha taaa (Pf -f ^ )« TUrthar^ alnaa liitla eanfldanaa could ba plaoad 
in tha aocuraay af tha lowar praaaaraa, it waa doaidad to uaa walla ahow* 
lag Mll-h«ad praaauraa naar 3500 pounds poT aquara iaeh» Tldrty aaoh 
waUa ahawd an avaraga Q of 7300 M oabie faat par day* Iba praaaaxa dna 
to tha Might of tha aoluan of gaa in thaaa walla awwragad about SOO pownda 
par aquaxa iaoh^ brlnglns tha Pf valua to hOOO pounda par aquara laoh* 

Olaaa aan ba mglaotad for thasa larga^bola fiigb^raaaura walla flowiag 
agaiaat atMapharia praasura^ 7300 (Q) can ba plottad a^ainat 16,OCX3,000 
^ Xa^nrithMlo papar m ia abo«a by point A ia Figura 4. Tbit 
glvaa OM point on tba ioj^arlthaia plot^ but doaa not of couraa ahor tha 
aiapa af tha Um nhich oan ba uaad to dataradna valuaa of Q at diffarant 
valuaa of It waa daaidad to uaa an n valtis af am (viscous 

flaw) In ordar to alaq)lii!y ealeulations and to prsaluda tha axagrarati-eo 
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of tlw adTonw offMt* of produotiaci proeiloo* 4kS Is o«t 1« 

SocUoo V, • oad C, UWLn^ this n valno of on«» thm eooffleiont (C) for 
tho 30 mXX» ottao to •Ii56* ThM* raiuos of C mmI n vort jastiftod bgr an 
awrotfo v«liM of C OQiial to«l(5 foi* 127 «oll« on vliioh Urn rooordM data 
apfoartd to ba tiia aaat atauraia* Iba ralaa af C far aaab Individual wall 
In thla eaaa vaa obtalnad Iqt dliridlo« tba flair rata (Q) tgr Pf 

bains tha aloaad-ln Indivi^iuial aalX<diaad praaoura plus tha preamana a ao a ad 
br the aalght of tha eolaan« and a«ain eaflactadt 

nsadlara aisbt be Intaraated in the calaalatloa of avaraft pavaaa* 
bliltf aa abaaii in Appandlx XI idwra tha value of C equ^d to «ae eab* 
atitttted in the Daragr*# Ins rsdial fXovr equatian for vlseaaa flcsr* Thou^ 
a roa# aaaais>tiaa bad ta ba nada far tha draliiasn radlua and thou^^ tha 
Clm tmj not ba aonsidarad aa radial in all eaeva, tha co^Tutad pa r te ' 
bility af li«0$ nlllidaraiaa aa cotqpirad to tha aatimtad ponwabilitar of 
taa alllidaralaa tanda to attbataatiata tha asamptlM) that tha valt of 
C la not atatlva* Tea taeplt blasn fron tile In tha leidy gt fiald 
avaragad 10«9 nlllidaraiaa*^ 

In aoaaidaration of tha abovty tha actrva AB la flgura 6 nigr ba 

coaaidarad ta rtxtant tha prodnetlan rata that aauld have baao aas>antad 

i o 

fron the nvaraga wall with daaraaniog valuea of ^ } bad tha phpaioal 
aharweteriatlea of the wall and the prodoclibi famation raealaed aonatant^ 
and bad tha walla baan no apaaad aa to have tha nverega fomaUaa pr aaa a ra 
aetias on aaab wall* 
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B, 0( i»iJl ;&paei.a«( «m 1 rroviucU<m 

i'r*cUcM on Frvduotion «>at4i 

As polntsd oat In ths prsrlyvHi s#ctAon, canrs AB (Pleura 6) rcprs- 
ssnts tim dselinla^ pn»i action rstM with isclining values thmt> 

couli havs b««n sxpseted fro* averse » uikiKM^sd* props rly spscsd walls* 
GUI’S* C:) (Fl.;ur* 6) rsprsssnts th9 sstnal avsra^ proluction rats par 
wall with dseliniiij: *v*rs4* rsssrsoir prsasars* as si^emn in n.«:ttr* ^* 

■Points OR eurso C,t) wars tist4»naliM>d by <iivi<Ufij; ibs total monthly prod’ictlon 
ratos (ApfWRdix lil) by th* avsrs^’s mmb^r sf pro<juein; walls as of th« 
lists Indloaiad (Appandlx 7V) and plottlai thasa ratos par wall against tha 
^ )( Pf baifii eonsidsrad as th* foraatlon prossura aiiown by Tljura 
U snd Pj, baitK astlKatad as 000 povu»is par squara Inch* Tha daflciancy 

p p 

in production rata par wail for apy valuo of (?£ -?, ) lo reprasantad by 
th* horiaontal distanoa batsaan tha tea ourves* IMs loss <»n ba attributad 
to local praasura daplatlona in danaaly driUad araaa aod to physical 
daaa^ ta walla brought on by th* rapid production rata* 

loasas la prtKluoilon rata rasuliln:| from dansa wall spaaing tmd eon* 
aaquant local prossura daplatioaa aan b* wall illuatratadl by comI daring 
araaa F, ), and H In Flgara 2, whara on 'sy 31, 195^ soaw 73 walls wars 
praduein^ siidar a foraatlon praasura of about potsads par sraara inch* 

I f th* bask prasBura at tha sand faca was 600 pounds par oquara inch, tha 
pradcffitloo rate par wall axpraeoad as a par eant of tha pro'luctlon rats 
wivieh would hav* baan attainad undar tha avaraga rasarvoir prassor* of 23?5 
pounds per squat's inch at that t;*a waa 

(1700^-=<)0»)(XOO) -31.5 per c«it 
(2395^-600^) 

Actually th* fomation praasura sating on mny of the walla waa probably 
conaliar«bly lass than th* avaraga for tha area* It is thersfora obvlotia 
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ttoat A ««1X lA Area *1. thAt \Am |n’»<aM04 .-«• at X*m than 

oae«*^JLr’ tha rate that c«ul4 hav» ba«a axpactad of It Had unit operation 
b«an la effa«t» or that tba mi£M t«tal proluotLoa rata for this araa 
a«uXd havt btan catdavai alth laas than ena-^ttilrd of tha aalXa* 

froduotl^Mi laaaaa oaasad tgr aatar aonin'^ »aU. eayln^;, ote* aa»<* 
not ba wail iXluatratad tram tha data avaiiahla« aithoa#> It would ba a 
alnjpla procadara to ahat in walls oecaaianalljr laX ta tha Q va:*aaa 
tha on lo.artthatc papar* A llaa threuglt auccatclva points 

thaa ahtalnad WKsald laiieata ahatbar ar not a mil la tmins. daaa^ad. A 
aurva that bant toward t3va prtsaura ada woaid ha IsaiaaUwa of water corr» 
or other faetors lilada«l»i dallmiralDllliir* It asl^r tew palitta ara 
awailahla, and a Him throat tha two pelnto has a aiofw „raater than ana 
(aari than k$ da^nsaa ta tha praaaure axlt)^ It wdlly la tha aothor'a 
opLnLuHf ha a paaltlwa Indication ef wall da«Mii»a. Ihla piiMadkira was 
atta« 9 tad for tha tm atats walla on wS^lc^t rasards soald t<a fownd ahowdnj; 
ahatr-in fNraasaras aonalliw after thair orl^nal SAj[ln«;. Uawavar, aarvaa 
ihua ohtainsd only aarwad to prawa tha iiteiasaaoj and insaottrasp of ra~ 
corded date, om curwa ahowed a rawaraa tiepa» IntlcaUs^ lawar flaw rate 
with Incraasiai fVimatloa prasaare. 

ihs Soreau ef Mass tsaat:<*praaa.ira nathol fat* tha 

lalivarai&lli^ of ^aa wailS| aa dascrlteKl brlafly la Saetian '^p l la a 
aw^ aoiw theixm^H and dated Xad proacdbjtra thaa that daecribad above. f*sr 
4 iwater banaflte than that dlaaoaaad above oay aleo be ierlve<i free their 
nathelf althtat^ It re<!|alree tha raatiletlaig of a well*# flow for coo* 
sldarably sere tins than pralacUon praetleaa in fannsylvaaia perdt. 
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C, stlaatvd uMivea In I'lUiMits Ptcorssy 

Although it is iiifioaslhlt to pivdiot th« viltlMta ^lut rseovaiy 
froa tlda raaorroir witb any of aocaraoSTy It is fairly obvious in 

t1s« of tbs dscliedne pro<fuotltw rats that an urwMionaadcal pro.!uotion rats 
will bs rtaoi^sd Ions bsfors 239 bllUon eable fsot of gas havs boon 
produesi* 

Csrvs Figurs 6, shows a rsosnt iaersasin^ rats sf isollna in 

prs»:iuction rats, this my bs <tas to a verlsty of faotort» aaah as 

1. Watsr fit^arlnj; ctitUnj aff rolatlTaly high prsaaars 
^aa sones. 

2. Vaisr eonlA{ near ths wall bora, rsdncini tbs offeottvs 
sand thiokiMSS. 

3. tator coniansatLon^ rsdusini tho sffactivs perasability 
to tbs '8S. 

li» Well cATlng 

5* Stractaral coniitions within tbs reserroir. 

6. Ibo t«np9rary shutting in of an inctwaain' nn}ll&^ar of 
walls (aiacs tbs rats Is based on tbo nsnibsr of pro* 
dacins ws^la as dzllXsd rathar than tbs actual naabor 
in oparation). 

7* Aliaoat total prassats depletion in lOnosly drilled araas. 

It is the as.ithor*t opinion, howorsr, that conrlltloiw tn tbs rsasr- 

volr my soon stab! lies and that ths flow rats after tliat tlias will eon* 

2 2 

tlnua in a dlrssUjr proportional relationahip with (f^i )j at loaot 
this is ths boat that can bs sxpoctsd. IMs la iUsatratsd 1^ ths currs 
£F, flgura 6. thsrs la 11 'Us chaaso tiMt tbla eurva will bold 

trus to tbs abando»a»nt data, It is not unreasonable ts expect that it 
will hold approxiwatsly true for tbs next fsw years, 'his cunrs say bs 
used la oonjuzMtioa with ths reservoir presxare cai-vs (Fljfars U) to 
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l^rovlili « txlcl md •rror smmi for prtdletlne praduotlon and 

prodttGUoA ratM* ISwi 4ott«d portioea mS the cnrvee (n^wre 3) e«x« de* 
rived la this laennery eeaeldeslaj e j^radMCUy decreeeiaj; valae of to 
aere la the jrear 1959* the end of the year 19$9 ttiese ehoeld have 
iMeo aboGt 240 tiULlon eehie fiet of gae prediieed froe thie reeervelr* 

In oooelderatloo of earvtNi MS and IF (Flgese 6} and aeeoeing a 
adnletMi eeoaeaie floe rate (Q) of $d ICF per day at aene baek p r ea au re 
(P|,)^ the reeereelr eeuld be expected to be abandoiMid at an avemna 
pietaara (P|>) of 632 peeate per ao|uara lr»eh, whcraaa in the “Ideal* eoee 
tba abandoRNMat pzeaaere eould be 316 pooade per aqpiare ineh* lble« ac* 
eordlod ie fisnv k$ reflocta a loae ef about 22 blUien oi^le f»et of 
£aa dee te laefflelaat praduetiea praetioea* 

Aotealiy^ it la anyoae'a gaeae at te ^aat ham far inte the fbtare 
thie reaerveir eiil pro-biee gee at an eeonaale rate* libelj there 

*111 be ffiiaareiie eeUe eapable of produeiBg gee at an eeoDoelG rate for 
eaiqr yeare to eeae* It la pitiable, hoeever, thmt eater flajer* 

lag and cendag hae or elll out eff relatively high proaeure soaea el thin 
the reeervolri mA that a redueed affeettve perMabillty to gaa outaed by 
eater eooLag and condenaation will eorioualy cartel proiuetion «ad radaoe 
the eltlaate ree ov eiy* An eetleated Xeaa of c^roidaately 20 blllioo 
cubic feet ef am it eoaaldered to be eoneervative* 
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n. mi^uATTos or 

A* OfMnXLosal Aspects 

AAMeai^ Mtia stody tioA dt«tX«p«4 n» <kb«ol«M prwif that th«r« 

Mtix M tab«t«nUaI lc <— » is uXtlssts twtov^xy of £«• trm this rtstr- 
««Art it <isss isAlsAts that SiS^ lossss art vsiy liiisly and panM«sts <!•- 
Aidts prosf that s gioat Mwuat sf sssfXHfsr snA astsrlals bavs base u»* 
MSOsstaxllAr sspsitAsd* Qsrsss A3 sad CS ifliimm 6) that ssttisl 
prsdsotLsn per wsIL wm ociy sbost 35 i>*r ssnt sf shat ai^t bass bass 
SKpsstsd £roa ths proparlyHipacsd svsrsit ssXi> or that absot oas^third 
•£ Urn mUlUf X£ prapsrly sfNMsd 9 £ni mXsm» 0 tA$ i^uaild havs ^sso ths sans 
pi>»^stiG<i rats. As ms pointad out is Saetlon A, 2, this llstirs Is 
bassd m a oosssrsstivs ssUsats of tbs siaps of ths lo^arlthsdlo cures 
AB (ri|£srs sqpaX to ons* It is poasibis that this surss eosXd hsas had 
a slojps sf bass than ooa^ aboslof $ux ioorassis^ aids s(^>arttlcii bstasso 
ths "idsai* asd *actai4** ourras with dSoraaslSi: pr«ssu7ss» tad tfeatsfoss 
an inersssinsljr p90xnr soeparisoo of ths astssX wsiX prodsetl<m rats sith 
that af ths idosX* 

9ho i<isiil nuxibor of sails aan aaly bs datandnad by an astmoslo 
baimaa of a ssaat aaegr fboto^iSir soah aa raaosara^ ^aa Aa piaca* drill* 
lag aaabiy baas prtasura raquisad to pravaot ds«a«daA tba sail or tba 
prodaaiBA foasatiao* aarlest daaaads and soasAtaimts and athsrs* TIm bask 
prasauis raculaad saa ba dtbaxalaad seourataljr bgr tha Baraau of biaaa 
aathad« bat aaan this la vibjact to aaonodle ooasldaraUona» 1 1 ahp» far 
aassplst ba aora ac o aoai o al to pamit Minor daiaa^ to tho sail than ta 
hold tba baak pzassuas soflioiaaUy to prasant daai«a antiralf* 

Sosa atatas foroa tha sf);s.lissiloo of baak prasaora by rettrlatiac ^ 
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t5 PMT mat of op«i Utm eap««itar* this rMtvle^ 

ti«a !• »1m9 lAtMktetf %9 prwmat c<Ni pro'iaetlMi la tiaat of da* 

wmdBt Md thasa la aa raaaoa knaao to tlM> aat!iar ahr PaanoyLvaala 
•haald raatilot pralaetlao ta tULa rata if It aaa ba ahaaa that alitalCL* 
cast daaa f i alll aat aaaur ta mUa pradaaiac at hii^iar caaatitJLaa* tU 
of tha a h on a faatara ean iMart^ ta aaif^ad tad afpliad th«aa#i a anit 
oparaUan piaa» aaaiatad pathapa t«r a wall*ayaa5n^ racolatias. 

It ia proMbia that ao aaca thaa ta* tUlloa eafeia fiMt par aanth 
aaold bara baaa tha Idaai proiiuition rata fiwi tha Ort. ftaood«Bai>a i • tta 
fiaid. 3aa aaapaataa taldnc thia flald aaat eantraat for vaat 

taaaUtiaa af gaa tnm tha Southmiat to aaat oaaMdtaanta imring tha 
wLotar awDtha* ltor t ha r a e ra» tha aatora of plpaliaa aparatlaM aa vail aa 
aaaaeaia faatora la tha prodadcg floathaaat danand tha aatabllahaawti of 
iaaB*tam oaatraata aith Uttla or no aaaaonaX raieiatioiia in c** daliatrlaa* 
TtAm laqtxiraa tha daXivaxT of Xarpa <to««titi#a af laa ta thia araa dia^ 
lag tha awaaar aanths atdah euat ha atarod la aada rgro a ad raaarvolri* It 
la tfaarafara ohiriLona that tha aaat aeonaedoal rata to axtraat gaa froa 
thla flald aottid ha a iac^iara rata naaacsaxy to aagaant dalivariaa fraa 
tha hoat h aa o t aitii a dniaMa of storing required* 

Aeoordlng to cntrva Ai (Flgara 6)» Wo blXIlM coble f«at par aonth 
cauld have baan prtxfaoad aarijr ia tha pradaatira lifh of tha flald 
('f m k600) with 27 walla producing at 25 par cant of opaa-flaw capaaltj« 
aad with 100 walla at thla oapaeLty Hwt ^aara later wbaa tha 120 hUIlan 
cWdo lhat produaad would hawa aauaad tha raaarvolr praaaara to drop to 
about 2i«00 patmda par aqttara inab (Flgara k)* it 5o par cant apan- flow 
aapaal^y only half of thata walla woQld ha raqulrad^ and 100 walla would 
produaa two billion cublo feat or aora par nenth until 175 billion cable 
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f*«t of .»• had baan praduead* Aaa^^e that Uia flow rata coold raaah 
a saxlaraa at tha lamer praasuras aithout cautlni: sl^nifLcant daaaga to 
tha walla ar tha foraationi 100 walla wooll auataln tha t billion cubde 
feat por aonth rata far alnoet nina yaara or until tlO billion onble 
of raa had baan producad. joaa nat ttila appaar aora afficlent and 
lo^cal than haa baen tha actual praetloa of drilling 277 p<vdueia 2 aallB| 
with aara to tomp to obtain tha flow rata ahewn In fli^tra 3? 

^a abora eoapariecs) of actaal pracUeaa with thoaa which ii£!ht 
hava baan aaployad ufHar anlt oparatlona or under wall apacln;i; ras*il*tloRa 
loaa nat ahow a eoaparieon of ultiaate raaovaiy loesaa* It traa llluatratad 
in SaeUon V, C that tham ahould ba at Xcaat 20 billion coble fset of 
sat loat boeatita of inafflclant preluction praetlcet* Thooi^ structural 
eonditlone In tha reaarvolr adght not pa«*lt each high altisata racowaiy 
in oVthar tha actaal or tha iiaal eaaa» it la probabla that ur<dt opera- 
tione or adaquata wall vpaeim reipilationo wouli prorida for aora affldant 
axplafration and tharaby fbr a prodvietion rate cleaely approaching that ' 
shown by tha oenre AB (?l£ura 6)» 
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B. Economic Aspects 



1. General 

Ihe economic aspects of production practices may be illustrated 
roughly as follows: 

(a) Before this reservoir is abandoned there will probably have 
been 300 producing wells drilled -- 200 more than is conservatively es- 
timated to be the ideal as stated in the previous section. At $75*000 
per well, this will amount to an unnecessary expenditure of $15,000,000. 

(b) It is estimated that at least 60 billion cubic feet of gas 
will have been stored and re-extracted beyond that which would have been 
necessary at the two billion per month rate. At an estimated cost of 
five cents per thousand cubic feet for storing and re-extracting, this 
will amount to $3,000,000. 

(c) Twenty billion cubic feet of gas estimated to be lost due 

to open flow production practices, at an estimated net value of about ten 

22 

cents per U cubic feet will amount to a loss of $2,000,000. 

(d) It is estimated that about 75 billion cubic feet of gas would 
have Increased in value by at least two cents per M cubic feet had it been 
possible to produce this gas on a seasonal contract or at a slower rate. 
This will amount to $1,500,000. 

(e) There have been numerous relatively minor excessive expendi- 
tures, such as expenses for operating compressor stations, additional well 
maintenance costs due to open flow production practices, excess gather- 
ing lines, etc. 

In view of the foregoing illustration, it is reasonable to assume 
that $20,000,000 have or will be wasted by the production practices em- 
ployed in the Driftwood-Benezette gas reservoir. Furthermore, a large 
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batBi^erlli scf eeniv^^«^q noJtj’Oif.f oic lo ej-o»qBB oi^cRooe arfT 

;e*cIi.ol S’ 3 X-^riiJJcrt 

svsrl x-^cfs</o'Tq Xliw s*t9<ii hsnofcnfi'^R ei ilcrres > t mirJ^ '^•roleS (s) 

-fs *-CX‘»v xJcfTrarinoo sx '»snX ersat 003 — b^XiX'xb elle^ ^x:lox'»*9^q 0C£ nsscf 
0«>5.?TI &A .noicioec er. i’v^i.q aif nl b-=)+*38 es l4.ebi cX batsmU’ 
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©jrb Ir.ol ad o3 bsKts^ides esg 1o u oidvo noi^i’d (o) 

nsl itrods lo Siilfcv dsn Irdiaxles fCB c^s jarobtos'vq noid-oxiorq woll neqo ocf 
.000t000tS$ lo eeol s oJ d’nx-ias IIxw cfosl obduo II 7&q ^nso 
bljow e 4| lo ^9-1 oicfuo nolllrd 5T Jxods cfsril bsisaxle? ax i I (b) 
r©9Cf II bsil I>rl oivft'o # isq eiaeo flU Ie^9l Is \d aul&v al baerertcnl ovsri 
.SIsi iswola B Is TO losilnco isaoasOB b no %*g elrll ^ci'to'q oI slcfisaoq 

• OiOtOOStH oi JmofflB ^liw elffT 

-xbnsoxs ©visesoxs 'icnxci xlsvilsl- -x ^noa^cwn aavd evsri einxiT (©) 

IId^ Ier*oxI '’f’bB ^snoxleos Toaasnqi'xi -n.dnaoo *iol e?tnoo’' 9 es done *dS*ixjI 
^*•'30X9 ^exuoilocnc noxtoxbo'-q voli nsao ol ‘^irb Eteco esnBnednlB# 

,cdo ^ssfitl *nx 

9Bii*e* ol 9 lcf‘^i:r>fc«'vj ei II jnoxl nleixll? gn ^'^mol srfl lo woxv nl 
-S9 rio-''*'q noxlojjbonq arJ Y<^ Lslesw sd IJxw -xo ev.e*-{ 0C0,.j00t02t iBxil 

eg'isi B ^9T:orrt*d.»*io3 .'txovisaan esi ©u JossneS-boowIl btO ©rll nl bs'^colq 
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p»rtLoii *f %h«»« losMs Hill Xm paid Iqr itm eooaumr in tha form of high 
£as pxloM or in u»m to «ak« op for tho Xobom froa otait o o ow e d traoto. 
2« Prirato Landowwni 

/aoh of tho land ovorlylnd thla roaonrolr la prlvatoly ownod 
—all traeta of om aero or Xoaa. Such a Xandcmnar'a fair a^^ara of 14ia 
l^aa» eonsllorla^ iiOfOCX) aoroa total aol 230 hiUion cubic foot of gaa aa 
rooorarabia^ is 7»000 tl cid^le foot* it ono-oi^th ro^ralt^ thia fLgnra la 
1^'thar rofkiaod to rout^hljr 900 X aubio faat| ahich would anount ta (2U7*50 
at tha eurrant prlaa of f?! canta par M cuble foot* It la oonaorvatioaly 
aatiaatad that aangr Mall tract laxidcamara hava or will raaalra at l«aat 
a himdrad tima thla flgura* Their asc— aa profit# obvlcaaljr n$ralta-d In 
loaaea fran laas <ianaoly Jrlllad arwaa^ whioh la thla fiald aro aaatljr 
atate-aimad umeta* 



ni* coKUMiom uu «Ko^iiianu^o» 



It iM «ontXad«d tMt Hbmv tev* bMo a^etii 200 axaMt yi^lXm 
«lsill«d la ite DTir%vo<kHS*Mt«tl« flald; that thart taald aat pMalblj 
iMivt h««A a fair and a^tabla dlstrlbatioa af th« gm Mmis ^ vaHea* 
ijLKUNHMm} that fvy j^raMbljr thara hatnt «r aill ba l*na <^i•atitiaa af 
gvt Xaft la tba raaarvolr baeaaaa of opa»*llaw pra<iaatioti praatlaaai that 
aaaadi anglciaarlag priaelplaa ara aot ahaartad In saifinc aalla and la 
aTmluatlac thair parfamaBaa» atut that all of tbaaa aza dlraetly attrlbai* 
ahia to tha laak af fatrolaaa reipulatoiT atataAaa In Fannafivaida* It 
la fUrthar acaaHadad that tba ^anaraX pt^sUa aipperta a lar^ ahaxa of 
tha Inacialtlaay faa loaaaa and aseaaa ai^penaaa althar In hlehar icaa prlaaa 
ar la daeraaaad taatctua froa p;A)llal7 oanad land* 

lha obvlaiaa raowana a daticaif tharafora^ la that tha aitiaana of 
Paanaylvanla danand tha anactaant of atata atatataa ahlah adll pravaot 
#110 aaata of and patrolaam rnaoaraaajf and ahlah 

aill Inaara tba protaetlan of aorralaUaa rl2)ita of Xaadoanars* 

lha datalla of tha aautad pairoloaM aonaarratloo aaaaoras mi 
anitlaatlon aUtataa ara bayond tho aaojsNi of thia paptr. Tha arexvia 
eltiaattf hoaavary ahoald aat ba ao «aeh eonoamad rdth theaa datalla aa 
bgr tha fact that aottilng la balai dona to ra na d y tha aarrant inaffldaai 
and onfalr prodoation praetLoaa* Oltiaaaa ahaaXd plaaa thalr faith In an 
Oil and Qm Canalaalea appointad for tha porpooa of reoomaftdlng 
i^sroprlata aonaarvatlcai and uidtlaatiaR atatataa and for onferaing tha 
atatataa aftar thay ara anaotad* So paraan naad faar aoRopoUatdo 
praetlaaa or tha daprlvmtlan of hla praparty without dha ihia prooaaa af 
law* iia la prataotad fron thaaa uadar fbdaral law* 
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It la aidltlana^Iy roatxawniad that tha fstata iMMK^ataly inati.** 
tata a pra.:;raa ta aaqulrt^ eoiq^lXa a&A eorralata inforaAtimt naadad for 
aaeuralw an^lnaeTln^ atadLoa, ai^i to aalca this infomatioa raadllj avall* 
abla to all in tars- a tad parties, flo infonsation rolatlns ta wall production 
aheuld ba 09Rri<1anUaI. lha aczy laaat that should b« dona is tho anaat- 
aent of a lav raq^tilrlai; that all gsa valla be abut in for a ainlaun of 
US hsura ones a jraar airi that ahatr*ln prsaauraa bo racordad aiv! raportad 
to an a^}proprlato atato rs^latoiT' bodf* Optn^flmr capadtlaa, or flow 
rataa againat atatad back praaeux'oa^ should ba raoordad at tha tlsM aalla 
ara ahoit in, aed likawisa reported. Though this inforaatlon sdJUL not 
suffloa for acourata eosipatatioR of the volla* rforaanee b 7 the 
of itliiaa baak-prassura mthody it will provide for conaiderably oora 
accurate anginaarln^ stadisa than ara ourrantljr pesaibla. Tbia raeowaania- 
tlen would ba auparHuoua If adaquata patralcait caRtervation lava aara 
anactady for affactlva conoarvatlon praau|:^saa a raquiraaont for aecurata 
knoalad^a of both tha ^aa raaarvolr and tha praduein^ wsllt^ shich can 
only ba gained froa axtenaiva and eccurato data« 
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A!prmmx i 

Proa>iCtnc UmllM )m FlcM 



mu m* 

and 

Am** Mann and Wwdur 


Hrilllng 

CoMpIntad 


lapth 


flm 

:lef/d«5y 


Initial 

W.H.?. 

J>a l4 _ 




S.G* E»ta«« 4r» iKdylY*) 


9-15-51 


5982 


U»000 


3925 


U-K 


B««xp«* md 9 lun #1 
(Pmlieh) 


5-5-52 


5376 


i*,900 


3950 


23-0 


» ft 0 #X (PSysoath) 


6-23-58 


5952 


80 


- 


25 -A 


CaldwtU #1 


7-9-52 


5866 


1*000 


3500 


2?-A 


Mix Pan mhooX Lett ft 


7-25-52 


5830 


3*300 


3950 


36-W 


d« 9. «e*tn n 


6-lfl— $8 


611)3 


6*830 


850 


3T-A 


P. *. ft fl- #1 (fox) 


S-29-58 


5308 


laSOO 


2350 


36-A 


CaldnaU n 


9-10-52 


58i*6 


700 


•> 


ill-* 


CaldmU fftt 


10-V52 


5857 


3,i»00 


2700 


ii3-o 


UeJflUlan mt. #X(^«1«*) 


19-10-58 


5920 


6*100 


3400 


k$^ 


6, C« mton 1^6 


10-13-52 


5996 


3,500 


3340 


i»7-A 


St. 2 ft*. 19 


10-27-52 


7051 


1*000 


3650 


$0-* 


MMt* 01 (F*9C) 


U-lU-58 


5962 


1*200 


3050 




S. £• P«ion« 4r. 


11-86-^ 


5903 


838 


2700 


53-A 


8. C. Satftsn. ^r. #2(Syly) lt-3-58 


6227 


1*620 


2500 


5JHI 


St. 1 19. to 


12-6-58 


5927 


ii*5oo 


3655 


55-0 


». C. ifttfn. Jr* #t(S7Slf) lt-9-5t 


$9i»U 


2,100 


2250 


57-9 


C«taU«ml Ift. Club #1 


12-30-51 


6975 


2*600 


3810 


5^ 


St. 2 20 


12-31-58 


6i«03 


1*900 


3200 


55-A 


S. m*t* #1 (Paneo) 


1-2-53 


56M5 


2*560 


1775 


60-A 


S. HiMta #2 


1-2-53 


5851 


2*166 


2925 


61*9 


Eaton #7 


1-3-53 


5922 


2,274 


a?o 


62-A 


Srooldxbik #1 


1-5-53 


5857 


3,100 


3250 


«3-4f 


H. A. Moata |l($ylvania) 


1-1&-53 


6072 


177 


660 


6iHI 


H. I*. Paamall #1 


2-2-53 


5975 


3,000 


3400 


65-A 


H. A. tfaata #2 


2-18-53 




134 


1520 


96-9 


Clyda L, Snlth #1 


2-20-53 


6075 


239 


wa 


67-0 


S* C. r,aton #5 


2-80-53 


5980 


2*3<i6 


1905 


69-y 


»a. 9*drtHtr !?1 


3-9-53 


6153 


713 


800 


72 -r 


W. A. 7!aubgr #1 


>fi*-53 


6101 


8*000 


4000 


7U-Q 


^anganom Kunt Clab #1 


l»-l-53 


6893 


18*200 


2150 


75-S 


Ca«b«rlna fiartolatta #1 


it-n-53 


6l3ii 


9*500 


3950 


77-9 


Faton #9 


lj-21-^3 


6390 


3,U50 


1740 


7‘>-S 


Chariaioi Mt. Club #3 


5-2-53 


6936 


17*000 




SO-9 


Clyd# S-Ath 02 


5-a-53 


6150 


1,017 


1310 


dlHi 


Saton 09 


5-15-53 


oSlO 


2*600 


1745 


82-9 


f ft 0 #2 


5-27-53 


5870 


1,200 


1900 


oil— 5 


Oharlarai Mt. Gli& #2 


6-1-53 


49!i3 


5,250 


3300 


05-9 


Sa>;aMm {Tunt Club #1 


6-2-53 


6903 


8*900 


3675 


<i6^ 


Jahaaoa Eat. #1 


6-3-53 


6307 


9*800 


uoto 




St. U Tr. 19 


6-10-53 


6019 


300 


*m 


09^ 


Soata 13 


6-12-53 


6592 


1*038 


2400 


91-0 


CSiarlM i^UL #1 


6-20-53 


6168 


400 


2860 



•iiMMfo tey nmbar andt apM In ?l^ra 2. S&Mlns ntarihasti in tlM Mention 
imiioatMi dxy ImIm dxlllnd in er n»ar thm ilnldi* 
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T»U K«. 
a«d 
kn»r 


B 

fimm «nd *ia«ber 


UcilXlHi 

(SoapIatwA 


Npth 


floa 


InltUl 


9>H 


H. !• Uo«i« i $ 


4»22-$3 


6080 


1*873 






B. !• 4mmi §h 


6-22-53 


6190 


2»100 


2575 


j{^ 


9^UmKA #1 


6-27-53 




16«980 


3830 


97-r 


B « 0 RB #X(ldd<^UMU«} 


7-11-53 


6037 


12,250 


3600 




B 4 0 #X (Ciui* uMiipXo) 


7-li*-S3 


5S30 


8,500 


2^ 


990 


«9l&Ui«a #X (%Mm) 


7-22-53 


5^ 


1,100 


830 


101«F 


SiM §X 


7-22-53 


6005 


8,5CX5 


3720 


lOi^ 


0« 3«4qsoa #X 


7-23-53 


6202 


9,250 


3750 


lOI-K 


fMmaXX #X (Fralicfa) 


7-23-53 


697h 


25,500 


3700 


IQM) 


«te) Vo#fbtM #1 (Siaos) 


7-25-53 


6099 


9,600 


3380 


K>5-r 


J, dEllXer #X 


«-X-53 


6083 


7,000 


3785 


io6-« 


C4&ri«»l 14 


3-7-53 


6213 


2,700 


37^ 


ioio 


BU k Tr« £9 


4-XO-53 


6370 


2,075 


3550 


XCM 


B« J«|MQB #I 


8-11-53 


6196 


5,000 


3010 


lOMT 


#1 


6— XX— 53 


- 


8,2CO 


a» 


U0-# 


B» JalMtatn #€ 


8-11-53 


4U9 


kgOOQ 


3170 


m-r 


J, ^U*r 12 


8-1W-53 


61£2 


5,200 


3000 


ui-r 


3r»fl«B (CMf) ShMEity) 01 


5-lli-53 


6188 


5,750 


3000 


U3-4 


S. A« Bvfti* #6 


8-I«r'53 


6021 


3,000 


2250 


u^t9 


X« «aUa n 


8-16-53 


6181 


5,000 


2500 




JhMteor #I 


8-18-53 


6116 


13,700 


3000 


U6^ 


S«B So« IX 


8-1S-53 


6U0 


9,600 


3700 


U7*i( 


Brookkank |£ 


3-20-53 


5396 


2,600 


2300 


m-^3 


3«rteX»tt« 12 


8-20-53 


6269 


10,5X 


• 


119-? 


Orerturl #1 


8-21-53 


mtt. 


9,000 


m 


lao-i 


l» 3. MoMr #X 


8-21-53 


5995 


2,3CO 


3X00 


m«9 


#X 


8-22-53 


6109 


3,125 


3925 


122-F 


KicoXa IX 


8-2it!-53 


6160 


1,800 


3200 


i2>r 


IhnodMistXaKi Caap A 


3-25-53 


6137 


5,700 


2860 


12^ 


lablWCNI !:9i« #3 


0-25-53 


6263 


16,000 


3200 


125-H 


wmw7 IX 


6-83-53 


6105 


18,500 






SUvMan lx 


6-31-55 


6163 


5,731 


3000 


l*7-< 


«• A. Itej-V #2 


9-1-53 


6276 


5,300 


2725 


X2d-r 


J* K« hoior #X 


9-1-53 


6172 


5,700 


2750 


129-R 


Main 


9-3-53 


6121 


38,000 


3360 


X30C 


#X 


9-Ji-53 


6215 


7,0C» 


3000 


X>2-£ 


&U 2 Tr. 29 


9-9-53 


6987 


8,332 


3220 


i3>e 


Jd^ #1 


9-10-53 


6073 


8,530 


3050 


X3W 


P,Un* 12 


9-10-53 


5G60 


1,^ 


1000 


X3J-'33 


5t« 1 Tr» 33 


9-13-53 


6392 


7,350 


3920 


136-a 


Sak^MeMB Kant #U 


9-22-53 


6830 


2,067 


« 


137*3 


Orartarf |2 


9-25-53 


6088 


18,700 


2500 




B, Blalah #1 


9-26-53 


7011 


7,300 


m 


139-3 


Ba^roak it 


5M63-53 


6108 


12,300 


2590 


XJ«0*1 


B 4 0 #2 (2Sld*ia«ati<3) 


9-23-53 


6131 


3,000 


- 


ua-F 


CaXaoMn #X 


9-29-53 


6187 


5,300 


1960 




fj9^re4k #3 


9-30-53 


6128 


8,600 


a» 
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XhkrH 

litCHfi 
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l«M 
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J«l« 
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4305 
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6960 
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7,940 
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St» 2 tr» 26 
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M 
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3500 
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3375 
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M 
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6935 
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3440 


P* liliidlnriMTiidc #1 


10-31-53 
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1,433 


- 
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lW-53 
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8,500 


3425 


Si* 9 7r. 29 


n-2-53 


4900 


14,671 


3420 


St* 2 tp* 30 


U-2-53 


4977 


5,000 


3440 


B«tkn>ok #S» 


11-2-53 




5,000 


1850 


Jtmii #1 


11-3-53 


4154 


3,300 


1400 


<Jh*rl*r«i B Jk 0 #7 


U-4-53 


4102 


26,000 


3250 


3m M» #1 (SlM«M3*) 


U-5-53 


4310 


5,900 


• 


EUllivj;a*9M«n #2 


U<OA-53 


6042 


4,800 


- 


«t* 1 tr* 27 


U-H-53 


6936 


10,500 


3210 


HMt Cl* 13 


U-l>53 


6128 


22,500 


3045 


BMMti #I 


U-17-53 


6185 


1,474 


X400 


au 1 Tr* 22 


U-2f>53 


4938 


20^00 


32X0 


MtbrMk 1^ 


U-22-53 


6U9 


U,250 


M 


.vt* 3 tr* 29 


11-25-53 


6945 


4,642 


3210 


S S & #il» (M14-4UiinU€) 


11-25-53 


6049 


4,900 


1500 


St* 1 7r* 30 


U-2^3 


4566 


412 


3000 


St* 1 ty* 2u 


11-25-53 


6903 


4,073 


3225 


S»lts II 


U-26-53 


^7 


4,200 


1500 


>*o«Ky #1 


11-24-53 


6842 


7,000 


• 


4Mrr»nM VImXow 11 


H-2d-53 


6891 


3,373 


2400 


PMt>o«r #2 


12-3-53 


0.75 


8,300 


X450 


MrMr ifaiLtr A 


12-3-53 


6835 


8,200 


3750 


All<i|#i»iy 0 m|3 #1 


12-3-53 


6169 


3,000 


UiO 


Unborn CmI #I 


ia->53 


6999 


8,400 


3150 


>y«rlKirf #3 


12-4-53 


6840 


1,100 


- 


HMt Cl* 12 


12-4-53 


«• 


6,500 


3100 


iWttir i$ 


12-U-53 


6175 


0,OCO 


2100 


Chtrltrai #9 


12-5-53 


6187 


10,750 


M 


B et 0 12 #5 


12-5-53 


6042 


4,200 


2400 


iMiia Jottfdain #1 


12-7-53 


6199 


1,350 


1500 


Arthur S*via #1 


12-9-53 


6212 


2,700 


1450 
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AI^WKX 1 (CootiaMd) 



Artk*^ 


IhMMi VtmbMT 


Sfiilid 

GeapletMl 




Flew 


Xaltlil 

W.6.F. 


IJ«-T 


St, 6 “fr, 29 


12-10*53 


6965 


17,136 


3100 




OATlft 6 ampisr #1 


12-11-53 


6136 


2,560 


1450 


2003 


Ahlborn Goal #2 


12-1053 


639* 


2,300 


2900 


aai-« 


St, 3 Tr. 27 


12*23*53 


7015 


4,333 


2050 


20f-AA 


•t. 3 Tr, M 


12-44-53 


6964 


1,100 


3X50 


ao3-ff 


Mbi* #2 


12*27*53 


6&7t 


10,000 


1250 


205J-F 


CM|p XiSM. #1 


l-i*5k 


mi 


2,646 


1340 


206« 


la, Ifta^Ola #1 


l-2<^ 


6256 


3,125 


3750 


aoHi 


Sw IM il (MlS-Atlanilc) 


1— 8— 5i» 


6103 


7,010 


3100 


ao$-« 


OjotHi Omp #1 


1-OSk 


6146 
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1,^ 
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600 


1800 




Sm Im #3 


2-U-5k 


6224 


1,430 


3150 


ajoT 


St, it Tv, 29 
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6905 
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2510 


233-K 
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2301 
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3530 


236-4 
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2*15*5k 
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>l05k 


609t 
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4,770 
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7295 
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3-25-54 
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3t50 
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St, 2 Tr* 25 


>3054 


6995 


4,060 


2600 


256-4* 


St. k Vr.27 
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7122 


13,000 


1850 
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6,006 
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APPIWX X (CottUriMd) 



•U Ho* 

ani 

Ar«A 


/Um» mM X intMW 


OiiiXliig 

SoMplatad 


aapfefe 


PXtnr 


Initial 

l.S.P. 


2$3->5l 


ft. 4 ¥r* 33 


U-3-54 


6201 


4,354 


3500 


2SWt 


#7 


ij-3-54 


69ia 


21,000 


1430 


2c/>!f 


t* 5 f^. 3U 


j«-xs^S4 


639ti 


3,500 


2825 


Hl-lJ 


Uvitt #3 


U-12-5a» 


4941 


961 


1550 


24t-T 


Ahl^««9i Goal 4k 


4-12-54 


od61 


4,000 


• 




iMmJCLUi 01 


4-X3-54 


6254 


d58 


2700 


?aiMt 


%, 3 vt, n 


U-I6-54 


6361 


7,810 


3260 


26?-« 




4-12-54 


6741 


2,42? 


2000 


270-Q 


wafaMom #$ 


4-U-S4 


6475 


6,400 


1775 


272-n 


St. 2 rr. 3i 


4-22-54 


6625 


6,0^6 


3625 


271r'T 


Ahlbam Ce*X #5 


4-27-54 


6^ 


4,000 


1575 


27^1 


SU X Tr. 3i*s 


4-25-54 


7151 


1,000 


5550 


27^3 


i>t« t tr* 3iiA 


4-24-34 


7000 


3C0 


1350 


277-00 


St. 3 Tr. 3t 


4-23-54 


7X76 


5,523 


2910 


200-!? 


-'ll 


S-1-54 


7001 


8,300 


1425 


2^^X-1C 


iX (Xaiil* «t «X) 


5-3-54 


6421 


3,250 


2875 


2l2-« 


Silling and t^itxoa #X 


5-3-54 


61X7 


4,6CO 


2160 


23ifc-y 


BatWMMi #I 


5-5-54 


6146 


696 


TOO 


2d$-Q 


7 7r. 25 


5-7-54 


6060 


2,350 


2150 


2I^X 
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5-4-54 


6254 


475 


3000 
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5-12-54 


6772 


7,035 


2450 


283-^Jt 
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5-^7-54 


7013 


4,151 


3X60 


2>V? 
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5-17-54 


6847 


1,400 


2560 
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5-15-54 


6132 


4,300 


2300 


291-SS 


fe%. 5 1% 30 


5-10-54 


7024 


5,731 


2560 


t?2-X 


fariMi #1 (li^iMi) 


5-20-54 


6393 


2,43« 


2500 


2fW 


St. i fa. 26 
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6323 


3,021 


2450 
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5-27-54 


7033 


4,400 


1850 


2>6-X 


St. 10 Tr, 2t 
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6944 
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5-23-54 


7U2 
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1650 
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6-X-54 
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3,473 


2340 




St. 5 Tr. 33 


6-X-54 


63X3 


14,210 


2316 


)ca-j 


St. 2 Tr. 24 


6-5-54 


6334 


2,085 


m$ 


xot-i; 


St. 3 Tr. 34S 


6-7-54 


702/ 


4,272 


2650 


35«-K 


St* T Tr. 24 


6-9-54 


6963 


ii,373 


2050 


K5-00 


at. 1 Ir. 3liC 


6-10^ 


7106 


i,a7 


3625 


3CAHJ 


St. lU 2f 


6>^LD-54 


6103 


36,000 


3125 


>07-'W 


St. 2 ft*. 32 


6-10-54 


7U1 


1,174 


1730 


301-SIC 


- 1. 3 tr. 33 


6-U-54 


6220 


31,000 


3125 


X«9-F 


Sciaan #1 


6-12-54 


6X47 


600 


- 


31 CKW 


•t. « 7r. 34C 


6-19-54 


7102 


12,572 


3300 


3U-S 


B« L. HaarMdl ik 


6-21-54 


6331 


2,200 


X380 




St. 2 tr, 37 


6-81—54 


6224 


4,450 


2910 


31>I 


Ihwtir #3 


6-22-54 


6333 


1,500 


«. 


3IS-X 


Parka #1 (Sallay) 


6-26-54 


6366 


i,o00 


2040 


>i6-a 


Sa»aaK>ra #7 


6-26-54 


6491 


2, loo 


1425 




St. U tr. 26 


7-2-54 


620$ 


h»9 


2X00 


320-1 


Taartjy #4 


7-7-54 


7046 


700 


1300 
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APilUDIZ I (ContlrNMd) 



t«U \tm, 
«nd 
Arm*. 


Mm» Mel KvMMtr 


nrtUad 

CavpletaS 


73«pth 


Jlov 

Rcf/dagr 


imual 

t.H.P. 

JP«1« 




6t, 12 Tr. 26 


7-13-54 


6918 


2,218 


2050 


58>U. 


5t* 6 Tr, 33 


7-16-54 


6366 


1,857 


1620 


32lH(K 


Sf 4 Tr* 36 


7-2CH& 


6287 


213 


2275 


315-z 


St. 16 Tr, 29 


7-24-54 


6373 


920 


2450 


326-F 


PMNhUti #1 


7-24-S4 


6063 


2,1*63 


1300 


317-00 


St. 4 7r, 36 


7-29-54 


7095 


990 


1890 


323-^ 


St. 4 tF. 30 


7-29-54 


6920 


2,936 




32^7 


St. 17 Tr. 29 


7-30-54 


7004 


42«000 


1910 


332-5 


6t, 10 Tr, 26 


d-t-54 


6866 


1,279 


2350 


33^rFF 


St. U 7r« 31 


2-13-54 


7102 


1,000 


2500 


335-z 


■•nMo Korrt #1 


6-14—54 


6232 


4,500 


3700 


337-ZZ 


St. 1 Tr. 29 


3-24-54 


6473 


6^00 


3050 


33^7 


S«Rv«T Miller #3 


9-3-54 


6750 


2,800 


3150 


3i*0-X 


SeMMneteel #1 


5Mr-S4 


6232 


3,300 


3100 


3U-a 


St. $ Tr. 33 


9-14-54 


6303 


5,741 


1340 


3i(2-«il 


St. 3 Tr. 33 


9-15-54 


7007 


996 


1990 


3W-II 


Siffof #6 


9-16-54 


6417 


2,542 


1280 


3i»iHi 


St. 7 Tr. 31 


9-18-54 


6315 


1,081 


1580 


3»i6-V 


Oelliiitiar 11 


10-8-54 


6862 


$,060 


2650 




St. 9 Tr. 33 


lO-U-54 


6420 


239 


1410 


350-» 


St. 7 Tr. 10 


lO-U-54 


6907 


1,271 


1450 


3S1-Y 


St. U Tr. 29 


10-12-54 


6950 


3,373 


1650 


3S3-B 


BtUUgs «tid 1M<M n 10-21-54 


6830 


2,250 


1530 


354-7 


Stere iRoppreoiit il 


10-27-54 


6902 
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2290 


356-L 


P«Kur»«ll f$ 


10-29-54 


7021 


l,«5 


1425 


357-« 
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6341 


10,833 


3600 
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DoUin^r 12 
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2310 
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St. 3 Tr. 37 


12-20-54 


6384 


3,425 


3500 


370-X 


Booatara Club #1 


1-17-55 


6X82 
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371-1 


Cram Caatrol #1 


1-17-55 


6220 


1,600 


2160 


372-5 


St. 4 Tr. 37 


1-19-55 


7029 


5,731 


2725 


373-33 


St. U Tr. 33 


2-22-55 


6233 


4,275 


«» 


37i»-II 


St. 5 Tr. 38 


2-23-55 


6f43 


2,900 


1800 


375-n 


St. S Tr. 37 


2-25-55 


7076 


894 


2050 


376-« 


RaU Chaaa #2 


2-26-55 


6598 


3,000 


2400 


377-€ 


8t. 13 Tr. 29 


3-3-55 


7029 


4,775 


1120 


373-80 


St* 7 Tr. 30 


3-10-55 


7225 
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APPBMDIl H - CAi^OUHOKS^ 

A* B <— rr — 



la ff% for S«lutl«a (FIawt* U) 

Qtm AMljtJLat MttiAMi 97*Ctf| 2#10|C| pr9{mm 0.13^; 

OSQT.M 0#]^| Rl%rHtn 0#5{ c«rt»on dloxlda 0«2|| a»laaular 
li*3{ trltlMl prMMvuna 673 p«i«; crlUaal taapara- 
ten 3U8^P.* 

teMimdr t — p anten aurftea taaparatera 60*Pa 

Oxiglnal raaarvoir prMaan P s i^35 paia aa wsasaxad at tiai 
aurltea pl«a tha praaaura aaoaa<) tegr tte aalsht of tiia laa 
aoXuMn la tea aall F^a vm eaXaulata4 aa foUo«ni< 



p ^ lliit m P, 

* 




ahara s ^35 paia wall haa4 praaauxa 

1 a aP (fraa ooa^taaalbilllfir obMTt far nataxal gaa» 
using a paaudo radaaaa praaaara of U035 7 673 
s 6«0« aad a paaadka naaea4 taayaratura T. of 

S 6 $» a A 34a s la 622 ) 

a s lOaTl (gaa eoaataat) 
t a (avara^ taaparatera in tea «all) 

K s faat (avaroita dapte) 
a a I6a3 (aola«ilar iM^ntit) 



teaa 

^ - OUUK. 3)00.71) (565) F, 

— rB;ijr«s»>‘ 



.5 f. 



Fx s 563 poan4a par aqaara Inah. 



*A11 aalaaltUom alida rala 

**^tiaate baaad on li^f. aa naaaurad for Lai<l^ gaa liald 



7h0r«for»« Umi •rl^^iaia rMtnrolr prtssuni P « i«035 / fd3 m lt6lB pomi9 
P 0 T sqittni laah «bsoXat«. The eorr 0 ^^«adin^ «e«preMl^litjr faettr Z z 
•97> T,» s 6XO^R (r»««rvalr twc)vz«Wz«) i 3l«0 « 1«7$» and s 

mA f 673 « 6*S5. Dm anglMl pA « 1*616 f « U7$5« 

Or itojr 3I» X9$U« Px Z wtra RRlc al atRd m shvan «bov«» 

(Sm 7 and 0) 

31. 193. . VL^ !2Lif!»32ao 

Z .302 

2. Aiialytl<»I ilathod 

OriL^aal gm s sae pr»duoad / igaa rtaftiniiii 
CoQaidarli^ tba raaanroir a%oT«#a ^a«a and tha s'oaanroir 
tataparatuva aa raaalnin^ a^atantf ^ vmisut ^ f>* 
pn>duaad aa of Muqt 31« 195U (Appetndlx nx)i 



abam 



3 89,3lS,li50,000 / H L. 

Zj BT Zg Rt 



361 X ■tandard cabia faat par sola 

s 1*616 p«la (oriclnal raaarvolr praaaura) 

?2 s 23^ pala (Mgr 31# 19^ raaarvair praaaart) 

V 3 roaarvcdr atora^a apaaa In «i.bia fbat 
3 ,97 (aoapreaaibtlity factor at orij^lnal roatrvolr praaaura) 

Z 2 s .362 (aospraaalblllV faator at M17 Sl^ 1^3( raaanroir prtaaura) 
R z 10.71 (caa conatani) 

T 3 610^H (raaarvoir tanparataiv) 




y X igJU3^Iflj^O^ 
331 (U755 - 3260) 

on«mai gaa 3 



a l.Oli X 10^ CHid>ia faat 

[4618)(1 . 0U X 10^) 

bco^wfeior 



269 bllliaQ atandard <rablo fiat 
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B« of Porooi^ 

Posit voltat a I«04 x 3JC^ ou» ft* (•• thoan Ik ApptndbLx II , Stct&tn 
2 on iht pr a tdlag p*it) plat an ttliattad 20 |»tr e«at of tlM 
ptnt toltat for ctnnKtt wtUr Mturttioo* 
fittXk Ytlmt 5 upproKlattaly UZ,OCO tcrtt x 17 foot tvtrtittaBd 
thitknttt X li3»$60 ca* ft* ptr ttrt-foot s 3X*X x XO^ on* ft* 



Iht vtrtgr't 



C* DfUmlattlon tf PtrattblXltir 

im rtdl«X fXatr tqxttitn^^ for vittoat itotiMratX flow 



0^ ^ X9.83 flh (P«2«?^*) 

'*b • ‘***. ■* ..'■■■■ i~. 



can b« rarwritttn to glva 

0.x TO? Kh (?/-!■/) 

X ttandxrd cfuble ftti ptr 2k hoars 
R s pt rw t tbl Xltiy in dtroLts 

h • tffMtiTt MKd thiofcntot in ftti (tpfxoxLasttXy X7) 
fj, z rtftmdr prttsurt^ psla 

P. s prtKsart at tht sand £aot (or fXosiiij; bottoa prottart) 
■ pSlK 

r^ X drtint^ rsdlwi of tht «tXX in f»tt (tttiaMittd XOOO) 

X rtdittt of tht vtXX bort in foot («256) 
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ii X Tiaocwitgr in emtlpoiSM (about .oei) 
If Z fiowlrv; t — pa ratmu^ (6X0) 



In tha aquation Q ■ CCP^^-Pg*)", uha« n a<)uala «ia» C la aiiiftlaa- 



laat tos 


703 Kh 

ii lati ra/Vn i'f 


HftaiaXaraf 


C it Xa v'r tf 

*• — TSTh 


auaatltutlast 





X a *00^5 clarcy or 4«C$ ailX14artlaa 
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Amnuix in 

(ionUily ani CMHlutivt frodaaUm 
(^uMAda of Standard Cidiio F^Mt) 



iinta 


^thiy 


CtMKilatlva 


J«3or* 


I8fi,0$9 


118,059 


Aujaat 


335,500 


523,567 


Saptialbar 




l,OU,167 


Oetabar 


626,391 


1,634,558 




6t6,559 


2,831*,m 


iinrtrir 


779,1*02 


3,063,5X9 


Jamusy* WJ 


707,1*50 


3,770,969 


F•bI^MUt7 


675,666 


l*,lil*6,63$ 


tfardb 


m,6n 


5,11*9,306 


ApxCL 


699,967 


5,31*9,173 


Mar 


9Ut,232 


6,763,405 


Jana 


t,c61*,370 


8,827,77$ 


JaXy 


3,325,839 


12,153,613 


4«t«£Hai 


3,613,31*3 


15,966,956 


Sayftrtur 


6,631,769 


20,599,725 


Oetobar 


5,921,232 


26,519,557 


Kavaafear 


3,51*7,966 


35,067,923 


Ctoaabar 


9,U7,93l» 


44,065,957 


Jamuj, l}Sk 


9,566,001 


54,051,858 


mmaxf 


8,1*55,139 


62,523,997 




8,8U*,765 


71,333,762 


April 


9,079,005 


80,417,767 






69,315,454 


Jaaa 


6,632,6b0 


99,946,094 


July 


9,035,362 


106,983,956 


Aat^aat 


3,1*02,671* 


U5,336,430 


Saptaabar 
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